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[Text] 


Abstract 


The thermal stress relaxation of PSZ-Mo functionally 
gradient material (FGM) during fabrication is optimally 
designed. The thermal stress distribution induced 
during the fabrication of a two-layer laminated PSZ-Mo 
material (a non-FGM or NFGM) is analyzed by the 
finite element method (FEM). The distribution and 
relaxation pattern of thermal stress in the PSZ-Mo 
system FGM during fabrication are also analyzed. The 
relationship between the thermal stress and the compo- 
sition distribution exponent P for PSZ-Mo FGM during 
fabrication is obtained. The optimum thermal relax- 
ation P value for the material system in this investiga- 
tion is determined by thermal stress analysis. In this 
investigation, the FGM fabrication technique is also 
studied. FGM specimens with the dimensions of 24mm 
x 5.6mm (diameter x thickness) and 30mm x 5mm, 
respectively, are successfully fabricated by a powder 
metallurgy method. 


1. Introduction 


A study of functionally gradient materials (FGMs) with 
thermal relaxation property is conducted to meet future 
high-tech demands such as for space materials. The 
FGMs to be developed are the high-quality insulation 
and heat-resistant materials with continuous variations 
of composition, structure, and properties. ' 


This investigation measures the property parameters of 
the PSZ-Mo system FGM in different compositions. 
Based on these measured data, the distribution and 
relaxation rules of diametrical stress o,,, circumferential 
StreSS Ogg, and axial stress o,, for a circular specimen are 
analyzed; the relationship between the thermal stress 
magnitude of the PSZ-Mo system FGM and the compo- 
sition distribution index P is disclosed; and the best P 
value for thermal stress relaxation is determined through 
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thermal stress analysis of the system under study. The 
FEM is used to analyze the o,,, Gge, and o,, distributions 
of a two-layer laminated PSZ-Mo material during pro- 
cessing. Additionally, based on the analytical results, 
FGM fabrication techniques are researched, and FGM 
specimens free from macro-defects are produced. 


2. Thermal Stress Relaxation Design, Optimum 
sgeniee Distribution Design of PSZ-Mo System 


The raw materials used for the experiment are as follows: 
ZrO, with an average particle size of 0.5 ym and a purity 
of 99.9 percent; Y,0,, 0.03 um and 99.99 percent; Mo, 
3 um and 99.90 percent. The test specimens of the six 
compositions are made according to the following pro- 
cedure: pressed with cold isostatic pressure of 200 MPa, 
sintered at 1500°C for 2 hours under a vacuum of | x 
10°* Pa. The specimens are polished for property param- 
eter measurement. The elastic moduli and bending 
stresses are measured by the three-point bending test 
with a MTS-810 material tester (the averaged value of 
five specimens is adopted for the analysis). The thermal 
expansion coefficient is measured with a PZ-2 quartz 
expansometer (the averaged value of three specimens is 
adopted). Table 1 displays the property parameter test 
data. It shows that there is a quasi-linear relationship 
between the thermal expansion coefficient a and the 
specimen volume fraction. However, the relationship of 
either Young’s modulus E or bending strength o,, with 
the specimen composite volume fraction does not 
follow a simple linear rule, as both are affected by the 
microstructure of the sintered material. 





Table 1. Data for the Mechanical and Thermal Properties 
of PSZ-Mo Composites Sintered in Vacuum 























PSZ o/ % E/GPa op/MPa a x 10°/K"! 
0 149.45 188.76 5.00 
20 117.95 191.23 6.25 
40 86.45 195.45 7.96 
60 96.55 167.29 9.96 
80 97.27 120.25 8.82 
100 123.96 135.11 8.14 














One quarter of the circular test specimen is analyzed 
with the FEM. The test specimen is designed to contain 
15 layers. The aforementioned test values are used as the 
parameters for thermal stress analysis. The properties of 
the specimen compositions other than those of the 15 
layers are determined by Lagrangian interpolation. For 
FEM analysis, one-quarter specimen from the two-layer 
laminated PSZ/Mo material is divided into 960 ele- 
ments; and one-quarter specimen of FGM is divided into 
1,400 elements. In the calculation, it is assumed that 
during cooling from 1500°C to 25°C, the specimen 
deformation is elastic, not plastic. 
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2.1 Thermal Stress Analysis of Two-Layer Laminated 
PSZ/Mo Materials (NFGM) 


Figures la and |b show respectively the iso-stress line 
profiles of o,, and o,, for a two-layer laminated PSZ-Mo 
NFGM specimen as calculated by the FEM. The calcu- 
lation shows that the distributions of Og, and o,, are 
same. Table 2 shows the maximum stress of the PSZ-Mo 
boundary surface calculated by the FEM. 
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Figure 1. Iso-Stress Line Profiles of o,, and o,, for a 
PSZ-Mo NFGM 








Table 2. Calculated Results of the Thermal Stresses for 
PSZ-Mo NFGM 











Orr (max)/ 677 (max)/ 99 (max)/ 
MPa MPa MPa 
Metal side -318 +180 -318 
Ceramic side +278 -136 +278 














Figures la and |b show the stress distributions on both 
sides of the two-layer boundary. Figure 1a shows that o,, 
is compressive on the metal side, and tensile on the 
ceramic side. The maximum stress concentration is 
located close to either side of the boundary surface. The 
stress gradually decreases away from the boundary sur- 
face. This phenomenon is caused by the fact that in the 
PSZ-Mo system selected for this study the thermal expan- 
sion coefficient of Mo is smaller than that of PSZ. Hence, 
at high temperature, the expansion magnitude of PSZ is 
larger than that of the metal. Consequently, near the 
boundary, the metal side-endures compression, and the 
ceramic side endures tension. But in the locations farther 
away from the boundary, the metal endures tension, and 
the ceramic, compression. This pattern of o,, stress 
distribution causes warping of the specimen toward the 
ceramic side. Figure |b shows the pattern of o,, distribu- 
tion: tension on the metal side, and compression on the 
ceramic side. The maximum stresses also concentrate in 
areas close to both sides of the boundary surface. This 
stress mode tends to cause fracture along the boundary 
between the layers. The conclusions are that the defor- 
mation of PSZ-Mo two-layer laminated material after 
sintering will cause warping toward the ceramic side, and 
the separation of layers along the boundary surfaces are 
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identical with the deformation observed in the prepared 
specimens. The aforementioned also describes the defor- 
mation of the Mo and PSZ layered specimen made by 
cold iso-static pressing and then sintered at 1500°C for 2 
hours under | x 10° Pa vacuum. 


~ Thermal Stress Analysis of the PSZ-NMto System 
FGM 


The PSZ-Mo system FGM contains 15 layers, whose 
compositions vary continuously from the metallic to the 
ceramic. The composition distribution curves are based 
on the equation = (x/d)”,? where @ is the PSZ volume 
fraction; d, the specimen thickness; x, the position of a 
certain PSZ composition; and P, PSZ composition dis- 
tribution pattern index. Figure 2 shows the distribution 
curves. The composition distribution pattern indices, P 
= 0.6, 1.0, 1.4, 1.6, 1.8, and 2.2, are selected for the 
design and calculation of thermal stress relaxation and 
improvement. Figure 3 shows the results. It shows that 
within the range P = 0.6 to 2.2, the maximum stress of 
any one composition distribution is smaller than the 
maximum stress of the two-layer laminated material, 
which means that composition gradient obviously 
relaxes the material’s internal thermal stress and the 
stress induced during fabrication. Besides, at the initial 
stage, the o,, and o,, (the distribution and the magnitude 
of Gg, and o,, are approximately the same) decrease with 
increase in P, and reach their minimum values when P = 
1.6. After this point, the stresses increase with increase in 
the P value. The data show that for the PSZ-Mo system 
FGM, there exists an optimum P value, i.e. 1.6, which 
induces the least thermal stress with the largest range for 
thermal stress relaxation. Compared with the two-layer 
laminated material, the o,, and o,, decrease by 32 
percent and 76 percent, respectively. This demonstrates 
that the gradient composition of a material obviously 
relaxes the thermal stress induced during fabrication. 
Especially, the wide o,, relaxation range greatly reduces 
the delamination tendency along the Z-axis. 
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Figure 2. Distribution Curves of Composition 
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Figure 3. o,, and o,, as a Function of P 





Figures 4a and 4b show respectively the iso-stress 
profiles of o,, and o,, of the gradient material, calcu- 
lated by the FEM when P = 1.6. The iso-stress profiles 
disclose that the maximum stresses of o,, and o,, do 
not occur at the metal-ceramic boundary, but dis- 
tribute within certain different composition zones. 
This illustrates that the composition gradient elimi- 
nates fractures due to maximum boundary stresses. 
Furthermore, comparing Figures la and |b with 4a 
and 4b, we can see that the maximum tensile stress of 
o,, drops from +278 MPa to +189 MPa, the maximum 
tensile stress of o,, drops from +180 MPa to +42.6 
MPa, and the maximum compression stress on the 
ceramic side rises from -136 MPa to -170 MPa. As far 
as ceramic materials are concerned, the decrease of 
tensile stress and the increase of compressive stress are 
beneficial. To sum up, the composition gradient of a 
material not only relaxes the material from internal 
thermal stress, but also changes its internal stress 
distribution, thus greatly improving the material. 
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Figure 4. Iso-Stress Line Profiles of o,, and o,, for 
PSZ-Mo FGM 
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3. Fabrication of PSZ-Mo System FGM 


Fifteen PSZ-Mo powder mixes of different compositions 
are prepared. Based on the aforementioned optimal design 
for thermal stress relaxation and improvement, P = 1.6 is 
selected. According to the equation @ = (x/d)”, the corre- 
sponding filling thickness of each composition is deter- 
mined. Figure 5 shows the graph of composition distribu- 
tion versus layer thickness. The specimen is first filled 
layer by layer with powders of different compositions. 
Then it is cold iso-static pressed under a pressure of 200 
MPa, and subsequently sintered at 1500°C for 2 hours ina 
10° Pa vacuum. A FGM specimen with dimensions of 
24mm x 5.6mm (diameter x thickness) and free of macro- 
defects is made. Figure 6 shows the electron microprobe 
spectra of the specimen cross section from the metal side to 
the ceramic side. It shows the continuous composition 
change from the metal side to the ceramic side: the Mo 
content gradually decreases as the Zr content gradually 
increases. In addition, another PSZ-Mo system FGM 
specimen with dimensions of 30mm x 5mm without 
macro-defects is made by a hot-pressing process with a 
pressure of 30 MPa at 1700°C for 3 hours, followed with 
pressure release at 1200°C. Figure 7 [photographs not 
reproduced] shows specimens made by hot pressing and 
vacuum sintering, respectively. 
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Figure 5. Compositional Distribution Profile 
of PSZ-Mo FGM 
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Figure 6. Compositional Distribution Profiles of FGM 
Measured by Electron Probe 
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4. Conclusions 


(1) The composition gradient of the PSZ-Mo system 
material relaxes the thermal stress induced during 
fabrication, and when P = 1.6, the most obvious 
relaxation occurs. 


(2) Based on the optimal design results of thermal 
stress relaxation, two FGM specimens with 
dimensions of @24mm x 5.6mm and 930mm x 
5mm, respectively, are made by a powder- 
layering method. The specimens do not display 
any macro-defects. 
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[Text] 


Abstract 


Microfine PLZT (La/Zr/Ti = 9/65/35) powder is synthe- 
sized by sol-gel method from metal isopropylates as raw 
materials. The effects of technical parameters such as the 
pH values, solvents, .ad drying processes on gelling time 
and gel properties are studied. The transition process 
from gel to PLZT powder is investigated with XRD and 
TG-DTA [thermogravimetry/differential thermal anal- 
ysis]. The effects of gel structure and roasting tempera- 
ture on the properties of PLZT powder are also exam- 
ined with XRD and TG-DTA. Experiments show that 
the gel forms PLZT solid solution at 520°C and that 
when roasted at 550°C, the gel produces PLZT powder 
with particle diameter smaller than 0.2 pm. 


1. Introduction 


The ceramic (Pb, LaZr, Ti)O, (PLZT) has good electro- 
optic properties. Especially, PLZT thin film has great 
application potential in optoelectronic devices such as 
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photo-sensitive valves, electro-optic displays, etc. 
Recently, other countries have researched various syn- 
thesizing methods to make PLZT ceramic powders, 
among which are the solid state method,' the co- 
precipitation method,” the alkoxide hydrolysis 
method,** etc. This investigation adopts a sol-gel 
method. The different raw materials of proper composi- 
tions in solution state are first mixed; thus, the mixing 
proceeds among the molecules. The final powder 
product made from the solution has superior properties 
such as very fine particle size, precise chemical compo- 
sition, good uniformity, high reactivity, and low syn- 
thetic temperature. The future of the sol-gel process is 
appealing. 


Fine powder with the composition of (PDo o;, 
Lay oo Zto.65» Tip. 35)03, or PLZT (La/Zr/Ti = 9/65/35) is 
prepared by the sol-gel method with metal isopropylates 
as raw materials. The effect of gelation process on gel 
properties, as well as the effect of gel quality and roasting 
temperature on powder particle size and properties are 
studied. Some useful results are obtained. 


2. Experimental Work 


2.1 Preparation of Raw Materials 


(Note: All the experimental chemical agents are either 
analytically pure or chemically pure.) 


Preparation of Zirconium Isopropylate and Titanium 
Isopropylate: Zirconium isopropylate and titanium 
isopropylate are prepared by the following equations: 


ZrCl, +4i - C)H,OH+4NH;—2r( - OC,H,),+4NH,Cl + 
a Ice Bath 


TiCl, + 4i - CJH,OH-+ 4NHy——*TiGi - OCH, ), + 4NHLCL 
Ice Bath TW 


Preparation of Lead Isopropylate: Pure dehydrated lead 
acetate is prepared by heating trihydrate lead acetate at 
80°C-90°C for 8 hours. Sodium isopropylate is prepared 
through the refluxed reaction between a proper amount 
of metallic sodium and isopropyl alcohol at 40°C to 50°C 
for | hour. After that, lead acetate and a proper amount 
of benzene are added into the bath. The refluxed reac- 
tion is continued for another 2 hours. Finally, lead 
isopropylate is obtained by filtering the solution and 
removing the benzene at a reduced pressure. The reac- 
tion is shown as follows: 


Pb(C,H,O,),+2i - C,HjONa Pi -OC,H,),+2CH,COONa + 
Ref luxing, 2h 
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Preparation of Lanthanum Isopropylate: First, LaCl, is 
prepared from the reaction between La,O, and NH,CI; 
then the reaction of LaCl, with sodium isopropylate pro- 
duces La(i-OC,H,), according to the following equation: 


LaCl,+3i-C,H,ONa lati ~OC;H,);+3NaCl } 


Refluxing, 4h 


2.2 Preparation of Gel and PLZT 


According to the molar ratio, specific amounts of Pb(i- 
OC,H,), and La(i-OC,H,), are loaded in a three-port 
flask. A proper amount of isopropyl alcohol is then 
added into the flask and the reaction is refluxed for | 
hour. Then, the isopropyl alcohol solutions of Ti(i- 
OC,H,), and Zr(i-OC,H,), are successively and gradu- 
ally added, and the reaction is refluxed for another hour 
before a proper amount of water is added to the solution. 
The specific pH value of the solution is adjusted with 
HAc and NH,OH. The refluxing goes on until the 
solution turns into sol, which is transferred to a plastic 
container. The assembly is transferred to a clean loca- 
tion. At room temperature the sol turns into wet gel, then 
the wet gel is dried into dry gel under certain conditions. 


The dry gel is loaded in a muffle furnace. After the 
furnace temperature is raised to 550°C at a prescribed 
heating rate, and maintained at 550°C for 2 hours, the 
dry gel decomposes into PLZT microfine powder. 


2.3 Property Evaluation 


The gel apparent density and gel porosity are measured 
by the ethanol soaking method. The DTA and TG curves 
of the gel are measured with a PCT-1 differential thermal 
balance (made by Beijing Optical Instrument Plant). The 
specific surface area of PLZT powder is measured by the 
BET low temperature nitrogen adsorption method. The 
X-ray spectrum of the powder is determined with a 
Rigaku D/max-rB X-ray spectrometer made in Japan. 
The powder surface configuration is observed with a 
Type S-250Mkj scanning electron microscope (SEM). 
The powder particle diameters (D,, and D,) and their 
distributions are measured with a BI-90 laser scattering 
particle analyzer made in the United States. 


3. Results and Discussions 


3.1 Effect of pH Value on Gelling Time and Gel 
Structure 


The sol-gel process of metal isopropylates is generally 
believed to be a two-step reaction process, the hydrolysis 
and the polycondensation of the metal isopropylates. 
The speed and the degree of completion of both reac- 
tions are determined by factors such as pH values, 
catalysts, etc. 
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Measurement of gelling time: The gelling time is mea- 
sured from the time when the sol reaches room temper- 
ature to the time when the gel solidifies to such a 
condition that its surface does not move while the 
container is tilted to 45°.° 


Figure | shows the effect of pH value (from 2 to 9) on 
gelling time. It shows that the longest gelling time occurs 
when the pH value is between 6 and 7. When the pH 
value is greater than 7 the gelling speed increases rapidly. 
When the pH value is less than 5, the change of gelling 
speed is not apparent. It is easier to control the gelling 
speed by adding acidic solution. Besides, acidic solution 
also produces uniform transparent gel. It is difficult to 
control the gelling speed with a basic solution, which also 
makes the gel less transparent. 


30 | 
25 


20 |- 


t/h 


15} 








pH 
Figure 1. Effect of pH Value on the Gelation Time 





The pH value of the solvent also clearly affects the gel 
structure as shown in Figure 2. When the pH value is 
low, the gel apparent density and gel porosity change 
only slightly with change in pH value. When the pH 
value is greater than 6, with increase in the pH value, the 
apparent density (Curve |) rapidly decreases and the 
porosity rapidly increases (Curve 2). 


The aforementioned results show that the catalytic 
effects of acid or base on the sol-gel process are quite 
different. Further study on the catalytic mechanism is 
needed. 


3.2 Effect of Solvent on Gel Structure 


Figure 3 displays the apparent densities of gels made 
with different monohydric alcohols as solvents. It shows 
that when straight-chain monohydric alcohol is used, the 
dry gel apparent density increases with the increase of 
solvent surface tension. During gel drying, the capillary 
force controls the gel frame contraction. And the capil- 
lary force is in direct proportion with the surface tension 
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pH 
Figure 2. Effect of pH Value on the Apparent Density 
and Porosity of the Gel 





of the solvent. Therefore, lower surface tension will 
produce lower contraction pressure, which is favorable 
to the forming of larger voids, resulting in lower 
apparent density. On the contrary, higher surface tension 
produces a gel with higher apparent density. However, 
this is not the case when tsopropanol alcohol is used as 
solvent. 
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Figure 3. Relationship Between Apparent Density of 
Gel and Surface Tension of Solvents Used 
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simply reflected in gel apparent density. The apparent 
density is also affected by other solvent molecular 
properties. 


3.3 Effect of Drying Condition on Gel Properties and 
the PLZT Powder Particle Size 


The gel samples made from the isopropanol alcohol as 
solvent with pH = 4 are dried separately under the 
following three conditions: 


(1) dry the sample in an oven at 1C9°C for 8 hours at a 
stretch repeatedly until there is no weight change of 
the gel sample; 


(2) dry the sample in an oven at 50°C for 12 hours at a 
stretch repeatedly until there is no weight change of 
the gel sample. After that, the oven temperature is 
raised to 100°C, and then the gel is dried again 
according to process (1); 


(3) dry the sample in vacuum at room temperature for 
12 hours at a stretch repeatedly until there is no 
weight change of the gel sample. After that, the gel 
sample is dried according to process (1). 


Table | shows the qualities and apparent densities of the 
gels dried by the three different methods. It indicates 
that drying conditions greatly affect gel quality. The 
higher the temperature, the higher the drying speed, and 
the more inferior is the gel quality. During high- 
temperature speed-drying, the uneven stress from 
volume contraction of the gel surface and the gel interior 
causes gel cracking. At high temperature, the surface 
tension of the solvent becomes smalier and produces 
larger void volume. Consequently, the gel transparency 
worsens and the gel apparent density is reduced. 





Table 1. Comparison of Properties of Gel for Different 














Drying Conditions - 
Drying condition Quality of the gel Apparent dgasity/ 
g-cm 
100°C (oven) Non-transparent and 0.81 
gappy 
50°C (oven) Translucent and 0.90 
massive 
Room temperature Transparent and 0.94 
(vacuum) massive 








Isopropanol alcohol has the lowest surface tension (21.7 
x 10° N-m°') but the dry gel produced by it does not 
have the lowest apparent density. This phenomenon 
indicates that the effect of solvent on gel structure is not 








Each of the gels made by the three different drying 
methods is roasted at 550°C for 2 hours to produce PLZT 
powder. Figure 4 displays the powder particle size cumu- 
lative frequency distribution curves. It shows that the 
PLZT powder made from gels dried in the 100°C oven has 
the widest range of particle size distribution and the largest 
grain size, with 345 nm as the median particle diameter 
Do (i.e., the equivalent diameter at 50 percent cumulative 
frequency). The PLZT powder made from room- 
temperature vacuum drying has a narrow range of particle 
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diameter distribution and the smallest grain size, with 126 
nm as D,,. High-temperature rapid-drying increases the 
agglomeration tendency of gel particles, and hence 
produces PLZT powder with large conglomerations. 
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Figure 4. Particle Size Distribution Curves for PLZT 
Powders With Different Drying Conditions 


1. 100°C; 2. 50°C; 3. Room temperature 





3.4 Thermal Analysis of Dry Gel 


The gel dried in the 50°C oven is analyzed by TG and 
DTA. Figure 5 shows the TG and DTA curves. The TG 
curve indicates that the gel decomposition is completed at 
500°C because no weight loss occurs after this temperature. 
In the DTA curve, the endothermic peak around 140°C is 
caused by the evaporation of water and isopropanol; the 
exothermic peak around 350°C, by the burning of the 
organic material; and the exothermic peak around 520°C, 
by the formation of the PLZT solid solution. 


3.5 Effect of Roasting Temperature on PLZT Powder 
Properties 


Based on the DTA results, the dry gel samples are 
divided into batches. Each sample batch is roasted for 2 
hours within the temperature range 450°C to 700°C at an 
increment of 50°C or 100°C. The X-ray diffraction 
analysis results of the samples after roasting are shown in 
Figure 6. The curves in Figure 6 shows that the PLZT 
powder from the 450°C roasted sample has amorphous 
structure. A small amount of crystals appears in the 
powder from the 500°C roasted sample. The powder 
from the 550°C roasted sample completely crystallizes 
into a single PLZT crystal phase. The powders from 
samples roasted between 600°C and 700°C show no new 
phases but stronger and sharper diffraction peaks. This 
indicates that in the 600°C to 700°C range, the crystal 
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Figure 5. DTA and TG Curves of Gel 








particle size of samples increases with the increase of 
roasting temperature, but the crystal phase remains 
unchanged. 
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Figure 6. XRD for PLZT Powder Calcined at Different 

Temperatures 





Table 2 shows the median diameters D,., average volume 
diameters D,, and the specific surface areas of powders 
roasted at 550°C, 600°C, and 700°C, respectively. Figure 7 
[photographs not reproduced] shows the SEM photographs 
of the powders. Table 2 and Figure 7 indicate that the 
particle of PLZT powder grows with increase in roasting 
temperature—a result identical with those of the X-ray 
diffraction. These test results conclude that low- 
temperature roasting is favorable to the production of 
microfine PLZT powder. However, at PLZT solid solution 
does not form at too low a roasting temperature; hence, the 
optimum roasting temperature range is 550-600°C. 
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Table 2. Comparison of Properties of PLZT Powder 
Calcined at Different Temperatures 

















Temperature/°C Dso9/nam D,/nm Specific qrrigce 
area/m“-g 

550 163 178 51 

600 218 256 34 

700 374 481 | 12 











4. Conclusions 


(1) The optimum parameters for producing PLZT 
microfine powder with metal isopropylates as raw 
materials are: isopropyl alcohol as solvent, acetic 
acid as catalyst, pH = 3-4, low-temperature and 
low-speed drying, and roasting temperature 
within the range of 550-600°C. 


(2) Under basic condition, gel particles tend to 
agglomerate, and produce large-diameter PLZT 
particles. 


(3) To produce PLZT microfine powder, the gel 
drying process and the gel roasting temperature 
must be closely controlled. 
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Aerospace 


K-8 Jet Trainer To Be Exported to Pakistan 


94P60263 Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 14 May 94 p I 


[Text] The China National Aerotechnology Export- 
Import Corporation recently signed an agreement with 
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the concerned Pakistani departments to export to Paki- 
stan the new-generation K-8 basic jet trainer, marking a 
first for China in the area of exporting this type of new 
training aircraft. The K-8 is being manufactured under a 
joint investment program involving the China Nationa! 
Aerotechnology Corporation, the Nanchang Aircracft 
Manufacturing Company, and concerned Pakistani 
enterprises. 


Computers 


Airborne SAR Real-Time Signal Processor 
Developed 


94P60256C Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 
6 May 94 p2 


[Article by Ke Dianxin [2688 7193 0207}: ‘‘Airborne 
SAR Real-Time Signal Processor Developed”’} 


[Summary] The airborne SAR [synthetic aperture radar] 
real-time digital imaging processor developed as an 863 
Program project by the CAS Institute of Electronics was 
used a few days ago [18 April].in an experimental flight 
synchronous with that of the [U.S.] space shuttle 
[““Endeavour’], winning the first battle and providing 
for Chinese technologists the first group of airborne SAR 
real-time digitally processed radar images. The signal 
processor has an operating speed of over 520 MFLOPS. 
[““Endeavour,” flying at a 225-km altitude over North 
China, was joined by the Chinese aircraft flying at an 
altitude of 6000 m. Ground crews and mission control- 
lers together radar mapped 50,000 square km of Chinese 
land—FBIS]. 


Multifunctional Computer Fax System Unveiled 


94P60256A Beijing ZHONGGUO DIANZI BAO 
[CHINA ELECTRONICS NEWS} in Chinese 
29 Apr 94 p 3 


[Article by Chen Qiang [7115 1730]: “Multifunctional 
Computer Fax System Unveiled”’] 


[Summary] The model ZL-560B multifunctional com- 
puter fax system (version TH1!.0) was recently developed 
by Fujiang [3242 3068] Machine Plant in Mianyang, 
Sichuan. This multifunctional, multipurpose office auto- 
mation system is based on the Jiuzhou brand model 
ZL-560 fax machine, which has all the functions of the 
internationally prevalent G3 fax machine, but also 
includes 4 built-in computer to provide integrated office 
automation and communications services. The system 
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replaces a keyboard or scanner—documents and images 
can be directly input into the computer, with a 1000- 
odd-character page requir.:ng only 10 seconds for input- 
ting. Resolution is 400 dpi [dots per inch] and the 
number of gray levels is 64. 


Shanghai University Firm, Hong Kong Firm to 
Build China’s First Smart Tower 


94P60256B Shanghai WEN HUI BAO in Chinese 
5 May 94 pl 


[Article by Zhang Ziqiang [1728 5261 1730]: “Ground 
Breaking for Smart Tower at Shentong Square”’} 


[Summary] With the approval of the State Education 
Commission, Shanghai Jiaotong University recently 
leased a 10-mu plot of land in the Golden Section of the 
Huai-Hai West Road for foreign-investment-oriented 
development projects. A few days ago, Shanghai Shen- 
tong [3947 6639] International S&T Company—formed 
from the Shanghai Municipal Land Management Bureau 
and Shanghai Jiaotong University’s Overseas Com- 
pany—reached agreement with Hong Kong’s Huaxu 
[5478 2485] Ltd. to build on this plot a US$70 million 
trans-century smart tower. Groundbreaking for this 
smart tower, to be called Shentong Square, took place 
yesterday. The joint venture, called Shanghai Shentong 
Real Estate Development Ltd., hoisted its signpost yes- 
terday as it geared up for this development project. The 
28-floor Shentong Square, occupying 60,000 square 
meters of land, is to be completed in 1996, in honor of 
the centennial of the university. The tower offices will be 
partially sold and partially leased. 


NEC Plans Software Venture in Beijing 


40100071A Beijing CHINA DAILY (BUSINESS 
WEEKLY) in English 30 May 94 p 2 


[Unattributed article: ““NEC Plans Software Venture 

in Beijing” 

[Text] Tokyo (Agencies via XINHUA)}—NEC Corp 
announced last week that it had reached an agreement to 
set up a computer software development venture in 
Beijing next month with the Chinese Academy of Sci- 
ences. The NEC-CAS Software Laboratories Ltd. will be 
capitalized at 150 million yen ($1.5 million), with NEC 
holding 90 percent and the Institute of Software of the 
Academia Sinica holding the remaining 10 percent. 


NEC said the venture would start operating in July with 
50 employees, rising to 200 at a later stage. Software 
sales are targeted to climb from 60 million yen 
($576,000) in the first year to 200 million yen ($1.92 
million) by 1999. The new company, said to be the first 
software development venture in China, will focus on 
developing open-system UNIX-based middleware and 
computer-aided software engineering products for the 
Chinese market. 
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Due to the progressive development of downsizing and 
open systems in recent years, the demand for portable 
computers and workstations in China has expanded 
rapidly, NEC said. “There is a high expectation of rapid 
growth in the personal computer and workstation mar- 
kets due to rapid growth in Chinese industry,” it added. 


Lasers, Sensors, Optics 


Six Advanced Radar Achievements of Institute 14 
Certified 


94P60258A Beijing ZHONGGUO DIANZI BAO 
[CHINA ELECTRONICS NEWS] in Chinese 
18 Apr 94 p 3 


[Article by Zhao Yujie [6392 3768 3381]: “Six Radar 
Information Achievements of Institute 14”"] 


[Text] Six radar information research achievements 
completed in 1993 by the Intelligence Information 
Center of Institute 14 under the Ministry of Electronics 
Industry recently passed formal expert appraisal. These 
six information achievements are: collected works (with 
color plates) on modern phased array radar, volume one 
of collected works on over-the-horizon and bistatic/ 
multistatic radar technologies, selected translations on 
airborne early warning radar, research on missile-borne 
radar technologies, research on electromagnetic signal 
simulation experimental systems for military electronic 
equipment, and proceedings of academic exchanges on 
airborne early warning radar technologies. 


Telecommunications 


More Reports on “Information Highway” 
Campaign 


Five-Member Network Engineering Corp Formed 


94P60259A Shanghai WEN HUI BAO in Chinese 
8 May 94p1 


[Article by Ying Yan’an [2019 1693 1344]: “Five Units 
Join Forces in Pudong to Form Golden Bridge Network 
Engineering Corporation: Aim is to Create Favorable 
Conditions for Information Resources Sharing”’] 


[Summary] As part of the national “information high- 
way” campaign, five organizations formally joined 
forces yesterday to form Shanghai Golden Bridge Net- 
work Engineering Ltd., based in Shanghai’s Pudong New 
Area. This new corporation, which will concentrate on 
national information infrastructure tasks centering 
around the Golden Bridge Project, is the nation’s first 
transagency, transregional network engineering corpora- 
tion, signifying a major step forward for the “Three 
Golden” Projects. The five organizations—China Pushi 
[3184 1395] Electronics Ltd., Jitong Communications 
Ltd., Shanghai Jiaotong University, the Shanghai 
Municipal Economic Information Center, and East 
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China University of Science and Technology—have ini- 
tially invested 10 million yuan in the joint corporation, 
and are actively recruiting new investment partners in 
Shanghai Municipality and surrounding areas. Golden 
Bridge Network Engineering will stress not only 
advanced technology but also customer service. 


Golden Bridge Project First-Phase Goal Set 


94P60260A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 16 May 94 p 2 


{Article by Lu Wangda [0712 4986 1129] and Jin Congan 
[6855 1783 1344]: “Shanghai Implements Economic 
Information Infrastructure’’] 


{Summary] Per the State Council's requirements for 
Golden Bndge Project (GBP) work toward “Building a 
National Economic Information Infrastructure,” MEI 
and Shanghai Municipality are concentrating their crack 
troops on all Three Golden Projects (the GBP, the 
Golden Customs Project, and the Golden Card Project) 
aimed at economic and social development into the next 
century. It is understood that the first-phase goal of the 
GBP will be completion within 3 years of a regional 
network linking over 400 medium-to-large cities nation- 
wide and interconnection of this regional network with 
national networks to pave the way into the national 
information highway. 


GE Subsidiary Enters Competition 


40100068A Beijing CHINA DAILY in English 
24 May 94 p 2 


{Article by Song Ning. ““GEIS Teams Up to Explore Data 
Networks ’] 


[Text] General Electric Information Services (GEIS) 
entered [into] a partnership agreement yesterday with 
the Great Wall Computer Group, marking a major step 
by the US company in joining the Three Golden 
Projects, China's colossal information network. GEIS, 
one of 12 subsidiaries of the General Electric Company, 
authorized the Great Wall to become its sales arm in 
China. The Beijing-based company, one of the largest 
computer makers in China, had been service agent for 
the American firm's China-based clients. 


GEIS is one of the largest global suppliers of electronic 
mail (E-mail) and electronic data interchange (EDI). It 
has 15 users based in China, including China National 
Chemicals Import and Export Corporation (Sinochem) 
and China Ocean Shipping Corporation (COSCO). “By 
developing our cooperation with the Great Wall, our 
products can be fully adapted to local requirements,” 
said Owen Chan, managing director of GEIS operations 
in China, Hong Kong and Taiwan. 


The Three Golden Projects will link China’s banking and 
customs services and national information interchange 
through huge information networks. Although the 
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project has yet to begin, foreign companies have been 
lobbying hard to get contracts. 


Many of the projects are attracting overseas investors 
despite the heavy input they require. Hellene S. Runtagh, 
president of GEIS, said: “Having an impressive local 
partner like the Great Wall will help us come to meet the 
Chinese requirements for the information highway. 
Competition will be less with such a partnership.” She 
said her company hopes to win bids in the Golden 
Customs and Golden Card Projects since GEIS has more 
than 20 years of experience in handling EDI trading and 
credit card services. 


GEIS has a joint venture in the United States with 
Ameritech, which has long been in the credit card sector. 
Quentin P. Gallivan, vice-president of GEIS, said he is 
interested in technology transfer with Chinese partners. 
“We want to have the technology operating in the US 
brought to China and work with companies like the 
Great Wall to meet Chinese needs,” he said. “We're not 
only concerned with giving EDI software, we want to 
teach the Chinese how to set up an EDI service and how 
to make it successful.” 


Update on Chinapac 


40100070A Beijing CHINA DAILY (SCIENCE AND 
TECHNOLOGY SUPPLEMENT) in English 
3 Jun 94 pl 


[Article by Gao Tao: “Information Sector Thrives”’] 


[Text] China’s booming telecommunications industry 1s 
rapidly developing a modern nationwide information 
network. The immediate task is focusing on expanding 
and upgrading the [Chinapac] packet-switched public 
data network to meet the growing demands for non-voice 
telecommunications across the country and with the 
world, said an official from the Ministry of Posts and 
Telecommunications (MPT). 


The network includes two levels—the backbone network 
(primary switching centres) and regional networks in 
each province, autonomous region and municipality 
(secondary switching centres). The trunk network, con- 
taining 5,500 ports, has been finished and put into 
operation. The network includes 696 trunk ports, two 
international gateways, and one gateway for Hong Kong 
and Macao. Data transmission is realized through the 
public telecommunications system, including fibre-optic 
cables, microwave and satellite communications. 
Through the network, computer owners across the 
country who join Chinapac can exchange information 
and contact with other computer users at home and 
abroad. 


By the end of this year, the network will cover 500 
Chinese cities as local telecommunications administra- 
tions are building |!4 provincial networks. Another 15 
provincial networks have already been established. It is 
expected that the network will cover all counties in East, 
South and Central China and some counties in West 
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China by 1995. MPT expects that the number of users of 
the network will reach 8,000 this year and grow to 20,000 
by 1995. At present, most of the users are financial 
organizations, banks, stock exchanges, large enterprises 
and government departments. The official stressed that it 
is important to constantly upgrade the network's tech- 
nology and facilities to meet the growing demands of the 
customers. It is the trend and the plan of the ministry to 
link up all databases in the country through the network, 
making it possible for all to share the information. 
Methods of dividing the profits between databases and 
telecommunications departments will be worked out. 


The nouii-voice telecommunications service sector, oth- 
erwise called value-added service communications, is 
expected to grow by 50 percent this year and the next. 
Beyond the next couple of years, services are charted to 
grow at an annual rate of 30 percent between 1996 and 
2000. Wiih the further upgrading and expansion of 
China’s public telecommunications network, more and 
more data communications will become possible, such as 
videotex, E-mail, EDI [Electronic Data Interchange] and 
other services. Videotex integrates data transmission 
and data processing and displays the information or 
image On a computer terminal. The service is now 
available in Shanghai and will be expanded to Shenzhen, 
Guangzhou, Beijing and other big cities. Most equip- 
ment for the service is imported from France and 
Germany while the rest is domestically made. It is 
expected that the number of videotex users will grow to 
5,000 by the end of next year and to 30,000 by 2000. 


The E-mail service provides computer networking that 
facilitates the transfer of text, messages, and other infor- 
mation among the subscribers. Six such systems have 
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been installed in Beijing, Shanghai, Guangzhou, Jiang- 
men, Shenzhen and Qingdao, and each allows 3,000 
mailboxes. The average capacity of each mailbox is 
100,000 bytes. In order to promote wide application of 
the system, research institutes in China have developed 
technical specifications and requirements for E-mail 
service. The wide application of E-mail will greatly 
increase the demand for the packet-switched public data 
network in China. 


Electronic data interchange (EDI) is a system allowing 
traders to do business using electronic telecommunica- 
tions rather than papers. It ensures rapid transactions 
and reduces human error. Several Chinese departments 
and ministries, such as telecommunications depart- 
ments, the electronics industry, banks, foreign trade and 
customs, are jointly working to establish a national EDI 
system. It is planned that a nationwide EDI system will 
be formed by 2000 and connected with the international 
network. It is also believed that China will lose a com- 
petitive edge in foreign trade if the development of the 
EDI system is delayed. EDI systems have been adopted 
by many countries. Customs clearance among most 
European countries and the United States are done by 
using EDI. It was reported that 95 percent of foreign 
trade in Singapore is conducted through EDI. 


The ministry plans to expand and link up all public 
telephone directory inquiry systems and information 
services databases across the country operated by them- 
selves. The information services databases, the 168 
access code on the public phone network, will be one of 
the main targets for development in the future. When- 
ever the customer needs information, if they just dial 
168 they will get all they need. 








12 Energy 


National Developments 


Anhui: Building an East China Energy Base 
94FE0608C Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 13 Apr 94 p 2 


{Article by reporter Chen Xianfa [7115 0341 4099}: 
“Anhui Is Building an Energy Resource Base Area in 
China with a Total Investment of 4 Billion Yuan in New 
Mining Area’’} 


[Text] The Chinese Government has continually 
increased the intensity of investments during the past 
several years in Huainan City, Anhui Province, east 
China's “Energy Resource City,” to reduce this region’s 
energy resource shortages. 


Huainan has always been known as a “motive power 
granary” of the east China region, China’s most econom- 
ically vigorous region. Since implementation of the 
“Chang Jiang Strategy” of developing Pudong [New 
Economic Zone in Shanghai] to spur an economic 
takeoff in the entire Chang Jiang river basin, this city’s 
status has become even more prominent. 


Huainan City has a superior quality coal field with the 
largest reserves—the Huainan Mining region—with pro- 
jected reserves of 30 billion tons which include 10.8 
billion tons of carefully surveyed reserves, equal to 
one-fourth of China’s reserves that have the proper 
conditions for extraction. 


Huainan is about 570 kilometers from Shanghai, China’s 
economic center, and the railroads that run through the 
Huainan City region are connected to China’s north- 
south artery, the Jin-Pu [Tianjin-Pudong] line, and are 
just a few 10 kilometers from the Jing-Jiu [Beijing- 
Kowloon] line now under construction. Some 200 ki!o- 
meters to the south it goes through the Yuxikou Dedi- 
cated Coal Pier and enters the Chang Jiang channel. 
Thus, its regional location is superior. Calculations indi- 
cate that transporting coal from Huainan to Shanghai is 
1,200 kilometers closer than hauling it from China’s 
other coal base area, Shanxi, and that hauling 30 million 
newly-dug tons from Huainan to Shanghai could save 
1.65 billion yuan in railroad shipping fees alone 
compared to transporting it from Shanxi. 


Officials in Huainan City said that the city’s total coal 
output during 1993 was about 12 million tons. Although 
by the end of this century the entire city’s total coal 
output, including central unified distribution coal mines 
and local coal mines, will reach 27 million tons, it will 
still be unable to satisfy the huge demand for economic 
growth in east China. At that time, the Chang Jiang 
Delta region with Shanghai at its center will have coal 
shortages of 80 to 100 million tons. To alleviate the 
contradiction between supply and demand, Huainan has 
formulated a program to accelerate development in an 
effort to surpass 40 million tons in coal by 2010. The 
Chinese Government is providing focused support for 
this program and the State will invest 5.28 billion yuan 
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in Huainan’s unified distribution coal mines, including 
2.04 billion yuan that will be completed during the next 
three years. Central authorities have already invested a 
total of 4 billion yuan in surveys, construction, and 
production in Huainan’s new mining regions. 


Huainan also holds status in China in power generating 
capacity. It currently has an installed generating capacity 
of 2,300MW and generates 12.3 billion kWh of 
electricity annually. 


Power Network 


Problem of Power Grid Stability Said Overcome 


94FE0605B Beijing KEJI RIBAO [SCIENCE AND 
TECHNOLOGY DAILY] in Chinese 4 Apr 94 p I 


[Article by reporter Tang Dongning [3282 2639 1337]: 
“China Overcomes a Technical Problem in Power Grid 
Stability for the First Time with a Unique Leading 
Theory in International Applications”’] 


[Text] People have difficulty imagining what the out- 
come would be should there be a loss of stability in large 
power grids, which are so inseparable from our national 
economy and social life. Dr. Xue Yusheng [5641 4416 
0524], chief engineer in the Ministry of Electric Power 
Industry’s Nanjing Automation Institute, has created a 
completely new electric power system computation 
method, the Expanded Equal-Area Criterion (EEAC). 
After a year of on-line application in China, it has 
successfully achieved power grid transient state safety 
monitoring and control. This achievement is an indica- 
tion that an acute technical problem that has troubled 
the world’s electric power industry for a long time has 
been solved. 


EEAC, called ““Xue’s Method” by international aca- 
demic circles, was invented while Xue Yusheng was 
studying for his doctorate at Liege University in Belgium 
in 1986. At the time, it was internationally recognized 
that all representative electric power system transient 
state direct safety analysis methods were established on 
their own empirical assumptions and that they were very 
ill-adapted to the quick and accurate analytical compu- 
tations required by extremely complex large power grids. 
Thus, for many years electric power S&T circles in all 
countries have continuously striven to explore new 
routes. The EEAC direct method, the unique creation of 
a Chinese person, effectively simplifies the extremely 
complex stability problems of large electric power sys- 
tems into an equal-value dual-machine system stability 
problem, and is the only rapid computation method in 
the world at present using a purely analytical mode to 
resolve electric power system stability. It has a high 
degree of precision and its actual applied speed is two 
numerical grades faster than the numerical integration 
methods of the past. In 1991, the French Electric Power 
Company (EDF), the largest in the world, applied EEAC 
in its power grid system and operating program. Because 
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of its obviously superior computation precision 
and speed, many countries are now tracking this 
achievement. 


Because EEAC was still in the static stage at the end of 
1991, Dr. Xue Yusheng and a scientific research group 
led by him, further developed a dynamic state EEAC and 
developed a critical identification method. This raised 
the precision of EEAC up to a new stage and freed 
operating personnel from their a priori knowledge and 
took a major step toward its use in engineering. In China, 
the Nanjing Automation Institute has placed EEAC into 
formal on-line operation in the East China Grid’s real- 
time energy management system. The results over the 
past year confirm that EEAC provides great assistance in 
avoiding power grid destabilization accidents. 


At the EEAC examination and acceptance meeting held 
on 2 April 1994, Ministry of Electric Power Industry 
minister Shi Dazhen [0670 1129 2923] called on power 
grids in all areas of China to extend and apply this 
internationally advanced stability computation method 
to raise safe and stable operation of China’s power grids 
to a new level. 


Hydropower 


540MW Hongjiadu Station in Guizhou Approved 


40100062C Beijing CHINA DAILY (Business Weekly) 
in English 2 May 94 p 6 


[Text] Guiyang—The central government has approved 
the construction of the Hongjiadu hydropower station 
on the Wu Jiang, a major tributary of the Yangtze River, 
in Southwest China’s Guizhou Province. The station will 
have a generating capacity of 540,000 kW. Experts 
calculate that the Wu Jiang represents 8.56 million kW 
of potential hydroelectric capacity. A 630,000-kW 
hydropower station is now in operation and a 510,000- 
kW plant will be completed within the year. In the long 
run, a Wu Jiang hydropower base with generating 
capacity of 6.39 million kW is envisioned in the 
next 25 years. 


‘Electric Power Corridor’ for the Southwest 


946B0072A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 26 Mar 94 p 2 


[Article by reporter Li Jianmin [2621 1696 3046]: 
“Southwest China To Build Electric Power Corridor; 
Preferential Policies Implemented To Encourage For- 
eign Businesses To Become Involved in Energy Resource 
Base Area Construction’’] 


[Text] By the end of this century, southwest China will 
finish building an “electric power corridor,” an energy 
resource development deployment to “transmit power 
from west to east China” will have basically taken shape, 
and China’s largest cluster of hydropower bases will arise 
in southwest China. 
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This information was revealed by representatives from 
the four provinces of southwest China attending the 2d 
session of the Eighth National People’s Congress. 


He Rong [6320 2837], a Yunnan representative to the 
National People’s Congress and assistant general man- 
ager of the Chang Jiang Three Gorges Development 
Corporation, said during a visit by Xinhua news agency 
reporters that southwest China is a region with China’s 
most abundant hydropower resources, with 194,000MW 
of total developable and usable hydropower, equal to 57 
percent of China’s total hydropower. For a long time, 
this area has consistently been an important base area 
providing energy resources to all of China, especially the 
coastal regions of east China. 


Representative Wang Zhaobang [3769 0340 6721], 
deputy chief engineer in the Guangxi Hydropower 
Engineering Bureau, told reporters that construction of 
the southwest China energy resource base area will 
mainly be focused on cascade development of six large 
river basins in the region, the Jinsha Jiang, Yalong 
Jiang, Dadu He, Lancang Jiang, Wu Jiang, and Hong- 
shui He, and that a cluster of hydropower bases is now 
taking shape. 


He said that 65 large hydropower stations have been 
planned for the trunks of these rivers alone with a total 
installed generating capacity of 120,000MW. This 
includes 11 hydropower stations that have already been 
completed or that are now under construction with a 
total installed generating capacity of 10,810MW and 
annual power output of 51.92 billion kWh. 


These two experts revealed that seven additional large 
hydropower stations with a total installed generating 
capacity of almost 20,000MW will be built there during 
the Ninth 5-Year Plan (1996-2000). 


He Rong said that the large-scale construction of energy 
resource base areas in southwest China is an important 
strategic step being taken by the Chinese Government to 
deal with the loss of coordination in China’s national 
energy resource structure and the electric power short- 
ages of the coastal region of east China. Now, the 
Guangxi, Yunnan, and Guizhou power grids have begun 
transmitting power from the Tianshengqiao Second Cas- 
cade Power Station, recently placed into operation, to 
Guangdong, and this is an initial realization of the 
State’s long-term idea of an energy resource develop- 
ment deployment to “transmit power from west to 

east China.” 


He said that the southwest China region will use foreign 
capital to accelerate energy resource base area construc- 
tion. The provinces of southwest China have now for- 
mulated a series of preferential policies to encourage 
foreign businesses to come to southwest China for joint 
investments in electric power development or indepen- 
dent investments to develop electric power. 
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According to the information, Yunnan, Sichuan, Guangxi, 
and Guizhou will sign more than 10 joint investment 
electric power development projects with companies from 
the United States, Thailand, and Hong Kong. Further- 
more, the four provinces and autonomous regions of 
southwest China will also bring in World Bank and Asian 
Development Bank loans of more than $1 billion. 


The experts say they expect that with more intensive 
reform and opening up, the combination of rapid devel- 
opment of the southwest China energy resource base area 
and the economic advantages of east and west China will 
lead to further developments in a substantial direction. 


Decision Made To Install 700MW Units in Three 
Gorges Station 


946B0072D Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 28 Mar 94 p 1 


[Article by reporter Zou Qingli [6760 3237 7787]: “Deci- 
sion Made on Supply Arrangements for Three Gorges 
Hydropower Generators That Combine Solicitation of 
Bids From Foreign Countries With Domestic Coopera- 
tion”) 


[Text] I learned on 26 March 1994 from the State 
Council’s Three Gorges Project Construction Commis- 
sion Office that China will adopt an arrangement 
involving solicitation of bids from foreign co. ntries in 
conjunction with the cooperation of domestic enter- 
prises to design and manufacture the large power 
generators required for the Three Gorges project. 


According to chief engineer Li Shouren [2621 1343 
0088] from the Ministry of Machine-Building Industry, 
the Three Gorges project will require a total of 26 large 
mixed flow-through turbine generators with unit capac- 
ities of 7OOMW. The water turbine rotors will be about 
9.85 meters in diameter. They will be among the world’s 
largest hydropower generators in dimensions and will 
involve relatively high design and manufacturing tech- 
nology requirements. During the past several years, 
China’s machine-building industry has done many pre- 
liminary attacks on key technical problems and other 
preparatory work to develop the hydropower generators 
for the Three Gorges project, and it now basically has the 
capability of manufacturing this type of large 
hydropower generator. 


Taking into consideration the possibility of using foreign 
investments for the Three Gorges project, to ensure that 
the technology and quality of the generators in the Three 
Gorges project attain advanced world levels and spur 
further improvement in China’s power generation equip- 
ment development levels, the State has decided to carry 
out international bid solicitation around 1996 to develop 
the 26 large hydropower generators needed for the Three 
Gorges project. The first 12 generators will utilize a 
supply arrangement involving joint design and coopera- 
tive production by the foreign businesses that win the 
bids, Harbin Generator Plant, and the East China Gen- 
erator Plant. The foreign businesses will have overall 
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responsibility in the areas of technology, quality, 
delivery schedules, and so on, to the proprietor, the 
China Chang Jiang Three Gorges Project Development 
Corporation, while the cooperating plants on the Chi- 
nese side will be responsible to the foreign businesses. 
During the process of joint design and cooperative 
production, the Chinese manufacturing plants must 
gradually increase the proportion of their responsibility 
and gain an understanding of generator design and 
manufacturing technology. The last 14 generators will 
mainly be produced domestically with the Chinese 
plants assuming responsibility for supplying the equip- 
ment to the proprietor. 


Nine Big Stations To Be Built on Wu Jiang 


94FE0608B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 13 Apr 94 p 2 


[Article by reporter Fang Fang [2075 2455]: “Guizhou 
Accelerating Development of Wu Jiang’s Hydropower, 
Nine Large Hydropower Stations To Be Built on the 
Trunk of the Wu Jiang”’] 


[Text] Construction and development of southwest 
China’s Wu Jiang Hydropower Energy Resource Base 
Area will be further accelerated. The State has now 
approved construction of the Hongjiadu Hydropower 
Station with an installed generating capacity of S40MW 
on the trunk of the Wu Jiang. 


This is a “spigot” station on the trunk of the Wu Jiang, an 
important tributary of the upper reaches of the Chang 
Jiang, as well as the third hydropower station being built 
for cascade development of the Wu Jiang as a whole. After 
its completion, it will play an important role in increasing 
power output in downstream cascade power stations. 


The trunk of the Wu Jiang is a big hydropower “moth- 
erlode” with a developable total installed generating 
capacity of 8,560MW. The State has now formally 
approved construction of nine large hydropower stations 
on the trunk of the Wu Jiang. Wujiangdu Hydropower 
Station, with an installed generating capacity of 630MW, 
has been completed and is generating power, and con- 
struction of the Dongfeng Power Station with an 
installed generating capacity of SIOMW will be com- 
pleted in 1994 and will be placed into operation. China 
plans to complete the Wujiang Hydropower Energy 
Resource Base Area with a total installed generating 
capacity of 6,390MW and annual power output of up to 
40 billion kWh within the next 25 years. 


The Wu Jiang river basin is one of 19 key development 
zones proposed in China’s overall territorial develop- 
ment program. The largest coal mine base area south of 
the Chang Jiang, it has a full complement of coal 
varieties and 30.8 billion tons of reserves. The river 
basin also has abundant aluminum, phosphorous, man- 
ganese, mercury, and other mineral resources, including 
207 million tons of bauxite, and comes in third place for 
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resources in China. It has 2.58 million tons of phospho- 
rous ore reserves, which holds second place in China, 
and it holds first place in China in superior-quality 
phosphorous ore reserves. 


Experts feel that these resource advantages form a rather 
good group of matching configurations and give it com- 
prehensive advantages for developing the high energy- 
consuming raw materials industry. 


Sichuan, Guizhor Approve Joint Chishui He 
Cascade Development Plan 


94FE0608D Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 13 Apr 94 p 2 


[Article by Xinhua News Agency: “Sichuan and Guizhou 
Jointly Develop Chishui He’s Hydropower Resources”’] 


[Text] Recently, the Sichuan and Guizhou provincial 
governments formally approved the ““Chishui He Trunk 
Hydropower Program Report” and decided that the two 
provinces will jointly develop the hydropower resources 
of the trunk of the Chishui He. 


The Chishui He is an important river that flows through 
southern Sichuan and northern Guizhou. The focus for 
developing its trunk is: power generation in the upper 
reaches, integration of power generation and shipping on 
its middle reaches, and developing shipping on its lower 
reaches. There are 10 cascade hydropower stations 
planned for the entire trunk with a total installed gener- 
ating capacity of 830MW and annual power output of 
3.86 billion kWh. 


Thermal Power 


Second-Phase Work Begins on Daba Plant 


40100062B Beijing CHINA DAILY (Business Weekly) 
in English 2 May 94 p 6 


[Text] Yinchuan—Second-phase construction began 
recently on the Daba Power Plant in the Ningxia Hui 
Autonomous Region, a key project in the Eighth Five- 
Year Plan (1991-95). The work—to install two genera- 
tors each with a capacity of 300,000 kW—will cost more 
than 1.5 billion yuan ($172 million) and will take 36 
months. When the second phase is completed, the plant 
will have 1.2 million kW of generating capacity, making 
it the largest in Ningxia. 


Coal 


1994 said to be Crucial Year for Production, 
por Capital Construction, and Technical 
Reform 


94F E0597 Beijing ZHONGGUO NENG YUAN 


[ENERGY OF CHINA] in Chinese 
No 3, 25 Mar 94 pp 8-9 


[Excerpts from article by Vice Minister of Coal Industry, 
Han Ying [7281 5391]: ““On the Situation in Plan Exe- 
cution in 1993 and Plan Arrangements for 1994”’] 
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[Excerpts] [passage omitted] 


Il. Plan Arrangements for 1994 


In 1994, State plans arrange for expected raw coal output 
of 1.16 billion tors, an increase of 20 million tons over 
1993. This includes 480 million tons at State-owned key 
coal mines, a reduction of 27 million tons; 195 million 
tons at State-owned local coal mines, basically the same 
as in 1993; and 485 million tons at township and town 
coal mines, an increase of 13 million tons. The total 
output plan for 1994 is a projected plan and does not 
check the total output execution situation. 


In 1994, the total amount commodity coal resources 
turned over to the State for allocation was still 552.24 
million tons. This includes 479.98 million tons in State 
orders and 72.26 million tons in resources that were 
changed from State orders to regional orders, concen- 
trated in northwest China, southwest China, Inner Mon- 
golia, Shanxi, and other regions, with the remaining 
resources going through provincial orders and enter- 
prises doing their own selling on the market. The 
problem reflected in coal orders in 1994 was once again 
that supplies of coal exceeded demand, and in particular 
there were surpluses of anthracite mixed pulverized coal 
and some varieties of dressed coal for smelting. 


During the process of executing production plans in 
1994, we must be concerned about the following prob- 
lems: 1) The State only implements macro regulation 
and control and an overall balance. Many rights have 
been transferred down to province-level administrative 
departments and enterprises, and we must certainly do 
our jobs and assume our responsibilities. We cannot let 
things slide because of the emphasis on macro manage- 
ment and create a situation in which things have no one 
managing them and nothing is being managed; 2) We 
must certainly establish the concept of the market 
economy, solidly grasp the focus on economic results, 
arrange plans on the basis of market demand conditions 
and selling and transportation conditions, and organize 
production and administrative activities; 3) Production 
plan management atrangemerts and management mea- 
sures have changed, but mining bureaus and province- 
level administrative departments must have an idea of 
what their mine production situations are, how their 
economic results are, and which mines should increase 
their output and which should restrict their output or 
cease production, and they should adopt active measures 
for additional guidance. Although production plans have 
not been checked, enterprise production plans and prov- 
ince (autonomous region) production plans should all be 
reported to higher authorities on schedule and according 
to stipulations to enable us to gain information and carry 
out industry management and macro regulation and 
control. I ask that comprehensive planning departments 
at all levels focus well on this item of work in accordance 
with this requirement. 


In the area of technical upgrading, plan arrangements are 
for 883 million yuan to be invested in technical 
upgrading in the coal industry during 1994, which will 
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include 200 million yuan in central government financial 
allocations, 513 million yuan in bank loans, and 170 
million yuan in self-raised capital for projects receiving 
bank loans. The implementation of our technical 
upgrading plans for 1994 requires that we conscien- 
tiously focus on work in the following items: 1) Focus on 
providing the capital. Investments in technical 
upgrading during 1994 overall involve two forms. One is 
composed of State allocations and self-raised capital. 
The other is composed of bank loans and self-raised 
capital. To provide these funds, we must do a great deal 
of coordination and linking work everywhere. Planning 
departments at all levels must conscientiously do this 
work well and report the situation in funding implemen- 
tation and plan execution to the Ministry of Coal 
Industry; 2) We must focus on work to implement 
technical upgrading projects, ensure project quality and 
progress, and make technical upgrading projects produce 
investment benefits as quickly as possible. 


In the area of capital construction, the scale of invest- 
ments arranged for coal in 1994 by the central govern- 
ment is 15.29 billion yuan, an increase of 20 million 
yuan over plans at the beginning of 1993. This includes 
4,247,300,000 yuan in domestic budget investments, 
8,654,700,000 yuan in construction bank loans, 400 
million yuan in special funds, 1.381 billion yuan in 
foreign investments, 237 million yuan in investments to 
shift from oil to coal, 270 million yuan in self-raising 
indicators, and 100 million yuan in small-scale capital 
construction investments in local coal mines. The main 
problems in arrangements for investments in capital 
construction in the coal industry are: 1) Limited invest- 
ments, an increase of just 20 million yuan compared to 
1993; 2) The 15.29 billion yuan in investments still 
arranges for a 400 million yuan development fund, but 
after coal prices are deregulated there will be no way that 
this money can be obtained by users outside the calcu- 
lated prices. We have proposed to the State that it be 
changed into other categories of investments; 3) There is 
3.16 billion yuan in capital construction bonds that will 
reach maturity and should be repaid in 1994. We have 
arranged to repay 210 million yuan in capital construc- 
tion investments during the year, but the remaining 2.95 
billion yuan (bonds and construction loan interest and 
principal) has not been dealt with. Preliminary arrange- 
ments have been made for a scale of capital construction 
of mines in the coal industry at 89 locations with 137.14 
million tons, including 18 mines that will be placed into 
production with 31.99 million tons, 64 mines where 
construction will continue with 93.6 million tons, seven 
mines where construction will start with 11.55 million 
tons, and 18 mines where preparations for construction 
will be made with 68 million tons. There are five mines 
with poor results that will cease construction, with 3.09 
million tons. 


After consultations with the State Council and invest- 
ment companies, the principles for arranging for invest- 
ments in the coal industry in 1994 are: make key 
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arrangements for those projects that will have good 
administrative results after going into production, can 
repay loans, and have good external transportation con- 
ditions; make normal arrangements for those projects 
which will have relatively good results after going into 
production but which will be unable to repay the loans 
and which have external transportation conditions; 
Straighten out those projects which would have poor 
administrative results after going into production, expe- 
rience losses, be unable to repay loans, and have poor 
external transportation conditions, and cease building 
those where construction should be stopped. In addition, 
readjust the investment structure, increase investments 
as appropriate in railroads, power plants, cem-nt plants, 
and other projects with benefits. In 1994, a total invest- 
ment of 1.996 billion yuan has been arranged for cement 
plants, power plants, and railroads, an increase of 555 
million yuan over 1993. The ratio between mines and 
matching facilities in yearly capital construction invest- 
ments in the past was consistently 67:33, but it will reach 
58:42 in 1994. There is a significant increase in invest- 
ments in benefits projects. 


Rather substantial changes will occur in coal investment 
channels in 1994. In particular, construction bank loans 
will account for more than half the total investments, 
which is an increase of 1.9 billion yuan over 1993. All 
units should, in accordance with previously arranged 
construction projects, focus closely on linking together 
with management of construction banks and conduct 
evaluation work for new construction loan projects as 
quickly as possible to ensure that the loans are used 
according to schedule. 


1994 is the year of the State’s greatest reform efforts and 
a key year for completing the Eighth 5-Year Plan. The 
coal capital construction tasks are extremely heavy. The 
scale of mines (and strip mines) which we plan to place 
into production in 1994 is the greatest in one year during 
the past several years, and we should start focusing on 
this item of work from the beginning of the year and 
provide preferential guarantees for provision of the 
construction capital, the supplies of equipment and 
materials, and the construction staff arrangements 
required for these projects. All areas must work together 
to cooperate and ensure that tasks to place projects into 
operation during 1994 are completed. For those key 
mines where construction will continue, coal washing 
plants, and other matching productive projects, we must 
focus on those key projects which concern construction 
schedules and provide overall benefits and make prefer- 
ential arrangements. For regular projects where con- 
struction will be continuing, we must follow the previ- 
ously arranged investment indices and take into 
consideration price increase factors, arrange for unit 
projects according to how much we have to invest, and 
not leave investment shortages. 
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Oil and Gas 


10-Million-Ton Field Found in Jiangsu 


946B0072B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 26 Mar 94 p 2 


[Article by reporter Chen Jinjun [7115 6651 6511]: 
“Jiangsu Discovers 10 Million-Ton Grade Oil Field’’] 


[Text] The Jiangsu Petroleum Exploration Bureau has- 
discovered an oil field with 10 million tons of reserves on 
25 March 1994, the Cuizhuang oil field. 


This oil field is located in the Jinhu depression area of 
northern Jiangsu. This is the second large oil field the 
Jiangsu Petroleum Exploration Bureau has found in the 
19 years since it was established, following the discovery 
of Zhenwu oil field. 


The Jiangsu Petroleum Exploration Bureau began 
exploring the Cuizhuang region in 1976. In 1993, after 
completing a development economics assessment of this 
oil region and discussing a development program, the 
bureau transferred and concentrated its forces to under- 
take development battle work. It has been projected that 
a yearly production capacity of 100,000 tons of crude oil 
may be formed by October 1994. 


The discovery of Cuizhuang oil field once again illus- 
trates the great prospects for oil and gas exploration in 
Jiangsu. After this oil field is completed and placed into 
production, the Jiangsu Petroleum Exploration Bureau’s 
annua! petroleum production capacity will surpass | 
million tons. This will play an important role in allevi- 
ating the Jiangsu region’s energy shortages and spurring 
the development of Jiangsu’s economy, especially the 
northern Jiangsu region. 


Tarim Oil Field Begins Development of Bayangol 


94FE0605A Beijing RENMIN RIBAO in Chinese 
5 Apr 94 pl 


[Article by reporter Zeng Kun [2582 0981]: “Tarim Oil 
Field Begins Promoting Development of Bayangol, For- 
merly Little-Known, It Is Now World Famous”’} 


[Text] Now being developed by Tarim oil field, the 
formerly little-known Xinjiang’s Bayangol Mongol 
Autonomous Prefecture has in one fell swoop become a 
hot area in China’s economic development now and is 
attracting world attention. 


Bayangol Mongol Autonomous Prefecture, located in 
southeastern Xinjiang, covers an area of 483,000 square 
kilometers. Over one-half of China’s large petroliferous 
basin, the Tarim Basin, lies within Bayangol Mongol 
Autonomous Prefecture. In early April 1989, the China 
Petroleum and Natural Gas Corporation established the 
Tarim Petroleum Exploration and Development Head- 
quarters at Korla City, which subsequently opened a 
major petroleum exploration and development effort 
involving over 20,000 petroleum employees. In the past 
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five years, they have proven six ready oil and gas fields at 
Lunnan, Donghetang, Sangtam, Jirak, Jiefang [Libera- 
tion} Canal East, and Central Tarim No. 4, and they 
have discovered 25 new industrial oil and gas-bearing 
structures. During the Eighth 5-Year Plan, they imple- 
mented reserve resources sufficient to build a production 
capacity of 5 million tons. This is especially true of the 
discovery of the Central Tarim No. 4 100-million-ton oil 
field, which has revealed the broad prospects for finding 
a cluster of huge oil fields in the central Tarim region. 
Now, the five oil fields at Lunnan, Donghetang, Sang- 
tam, Jiefang Canal East, and Central Tarim Number 4 
have formed a yearly crude oil production capacity of 2.1 
million tons, and they have produced a total of 2.93 
million tons over the past five years with a daily output 
level of 6,000 tons. 


Oil field development has made Bayangol Mongol 
Autonomous Prefecture the most direct beneficiary. 
According to statistics, during the past five years of oil 
field development the oil field headquarters has made 
direct investments of more than | billion yuan in Bay- 
angol Mongol Autonomous Prefecture as well as indirect 
investments in establishing the materials supplies, com- 
munication and transportation, equipment mainte- 
nance, machinery processing, construction materials and 
chemical industry, design and construction, labor ser- 
vices, and other areas to support the oil field that totalled 
several billion yuan. Petroleum development has 
spurred rapid development of Bayangol Mongol Auton- 
omous Prefecture’s economy. During the past five years, 
Bayangol Mongol Autonomous Prefecture’s GNP has 
doubled, its gross value of industrial and agricultural 
Output has increased two-fold, and its financial income 
has increased |.5-fold. Enormous changes have occurred 
in the autonomous prefecture’s communication, urban 
construction, posts and telecommunication, energy 
resources, and other basic facilities and it has become 
one of the few regions in Xinjiang with fully equipped 
highways, railroads, pipelines, aviation, and telecommu- 
nications. 


Onshore Crude Production Tops 34 Million Tons 
in First Quarter 

94FE0608A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 15 Apr 94 p I 


[Article by reporter Gao Xinghua [7559 5281 5478): 
“China’s First Quarter Onshore Crude Oil Output Sur- 
passes 34 Million Tons”) 


[Text] China’s onshore petroleum production situation 
during the first quarter of 1994 was excellent, with total 
crude oil output exceeding 34 million tons and 24.7 
percent of the annual plan being completed, up slightly 
over the same period during 1993. 


An official in the China Petroleum and Natural Gas 
Corporation said the situation was “better than 
expected”’ and that this was mainly due to the oil fields 
of eastern China achieving stable production and to 
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substantial increases in crude oil output in western 
China. Evidently, the strategy for achieving stability in 
the oil fields of eastern China is based on focusing on 
increasing Output as quickly as posible, overcoming 
difficulties, and maintaining a steady output from the 
end of 1993. Crude oil output in western China was up 
by 13.2 percent compared to the same period in 1993. 


Total natural gas output during the first quarter was 
more than 3.9 billion cubic meters, equal to 25.4 percent 
of the annual plan and 104.5 percent of the same period 
in 1993. 


During 1994 China expects to produce onshore 140 
million tons of crude oil and 16 billion cubic meters of 
natural gas. Analysis by officials in the China Petroleum 
and Natural Gas Corporation indicates that these goals 
can be attained if we sustain the production momentum 
of the first quarter. 


Way Cleared for Fast Development of Inland Oil 


40100062A Beijing CHINA DAILY (Business Weekly) 
in English 2 May 94 p 8 


{Article by Chang Weimin] 


[Text] Recently improved conditions ensure that large 
petroleum resources in the inland provinces of Shaanxi 
and Sichuan will be developed quickly, according to a 
senior petroleum official. 


Highlighting the development are operations in the 
northern part of Shaanxi Province, where blocks totaling 
40,000 square kilometres contain an estimated | billion 
tons of oil. 


Preparations for development in Sichuan Province have 
also been progressing, according to executives with the 
China National Petroleum Corp. (CNPC), which over- 
sees on-shore oil operations. 


In an interview, a senior official with the CNPC speci- 
fied the improved conditions in northern Shaanxi: 


¢ Better relations between State-chartered oil firms and 
regional operators. The relations necessary for quick 
development were cemented by an agreement signed 
early this month by CNPC and provincial authorities. 
The agreement binds the CNPC and governments and 
enterprises in the province to join together to accel- 
erate oil development. They will also co-operate to 
beef up protection of oil resources. Before long, the 
official said, millions of tons of oil are expected to be 
produced in the region each year. A large portion of 
the output is to be pumped by joint operations 
involving the CNPC, regional authorities and enter- 
prises. 

¢ The availability of technology for developing oil 
there. Petroleum development started in the 330,000- 
square-kilometre Shaan-Gan-Ning Basin 90 years 
ago, but only 2 percent of the resources has been 
recovered because of inadequate technology. 
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¢ Enough evidence of easy drilling for oil lies only 500 
to 1,500 metres underground, compared with several 
times that depth elsewhere in the country. 


With the newly signed agreement, the CNPC official 
said, long-awaited large oilfields will be built in the area 
before long. 


Over the past 18 months, hundreds of work units have 
rushed to drill wells there to extract oil that legally 
belongs to the State. These work units, inexperienced in 
oil operations, sought quick profits and had no long-term 
commitment to protecting the resources. 


Their operations were inefficient and hindered overall 
planning, the official said. 


Nuclear Power 


Nuclear Power Update 


Yibin Fuel Assembly Line Now Operational 


94P60261A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 25 May 94 p 2 


[Text] The Yibin Nuclear Fuel Element Plant's fuel 
assembly production line for the 900MW large-scale 
nuclear power plants is now fully operational. The 
Plant’s large-scale nuclear power plant fuel assembly 
production line is built on the Plant’s original 300MW 
nuclear power plant fuel element production line with 
advanced technology imported from the Framatome 
Corporation of France. 


Harbin Becomes Base for Nuclear Power Plant 
Turbines 


94P60261B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 25 May 94 p 1 


[Text] The China Nuclear Power Corporation and the 
Qinshan Nuclear Power Joint Operations Corporation 
recently signed an R&D contract with the Harbin Steam 
Turbine Plant for the two turbines for the second phase 
of the Qinshan nuclear power plant. This demonstrates 
that the Harbin Steam Turbine Plant has become 
China’s manufacturing base for large capacity turbines 
for nuclear power plants. 


First Full-Power Operation for Daya Bay No. 2 


946B0072C Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 26 Mar 94 p 2 


[Article: “Daya Bay Nuclear Power Plant's No. 2 Gen- 
erator Achieves First Full-Power Operation on 25 
March”’] 


[Text] Since being in a nuclear power generating state 
and starting to conduct a power generation experiment 
on 7 February 1994, in strict accordance with the debug- 
ging program and the requirements of technical regula- 
tions, and under the supervision of the National Nuclear 
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Safety Administration and through the joint efforts of all 
the units participating in the experiment, the No. 2 
900MW nuclear power generator at Guangdong’s Daya 
Bay Nuclear Power Plant completed readjustment exper- 
iments in sequence at 15 percent, 30 percent, 50 percent, 
75 percent, 87 percent, and 97 percent of its rated power 
safely, with high quality, and on schedule. Comprehen- 
sive inspection, readjustment, and checking of the gen- 
erator’s equipment and system states led to the genera- 
tor’s performance in every phase attaining its design 
requirements. At 1915 hours on 25 March 1994, the No. 
2 generator attained full power for the first time. 


During the process of debugging operations, the Guang- 
dong Electric Power Industry Corporation, Hong Kong's 
Zhonghua Electric Power Company, and Guangzhou 
Pumped-Storage Power Plant provided substantial sup- 
port and coordination. This was especially true of the 
Guangdong Power Grid and the Hong Kong Zhonghua 
Electric Power Company's Jiulong [Kowloon] Power 
Grid, which, under the difficult conditions of a valley in 
electric power demand during the spring season, care- 
fully arranged for the grid connection plan and guaran- 
teed that the debugging of the No. 2 generator proceeded 
smoothly. 


According to the original debugging plan, the No. 2 
generator will continue operating in a full-power state 
and, after undergoing all types of performance tests, 
demonstration operation, and maintenance work, will be 
placed into commercial operation. 


(U, PU)O2 Pellet Fabrication Described in Detail 


946B0073 Beijing HE HUAXUE YU FANGSHE 
HUAXUE [JOURNAL OF NUCLEAR AND 
RADIOCHEMISTRY] in Chinese Vol 16 No 1, 
20 Feb 94 pp 6-12 


[Article by Zhang Shaoqi [1728 4801 4860], Wei Xiu- 
fang [7136 4423 5364], and Hou Xiaolin [0186 1420 
3829] of the China Atomic Energy Scientific Research 
Academy, Beijing and by Wang Shouxin [3769 1343 
0207}, Gao Yaobin [7559 5069 2430], and Cheng 
Qincheng [4453 3084 3397] of Lanzhou Nuclear Fuel 
Plant: “Unirradiated Fast Reactor (U,Pu)O, Fuel Disso- 
lution Experiments”; manuscript received 20 August 
1993, revised manuscript received 15 October 1993] 
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{Text} The dissolution behavior of unirradiated UO, and 
(U,PujO, fuel in nitric acid is studied. Detailed descrip- 
tions of the effects of nitric acid concentration, tempera- 
ture, pellet processing methods, PuO, content, and other 


factors on dissolution rates are provided and plutonium 


valence siate changes and undissolved residue contents 
during the dissolution process are measured. 


It is common knowledge that complete dissolution of 
(U,Pu)O, is required to ensure recovery of the pluto- 
nium in the fuel reprocessing process and prevent criti- 
cality accidents. Thus, fast reactor fuel dissolution exper- 
iments are very important for improving and evaluating 
fuel pellet fabrication techniques and designing fuel 
reprocessing flow processes. 


Much research has been done in foreign countries on 
dissolution of fast reactor mixed oxide fuel elements in 
nitric acid''-*). The results show that the dissolution rate 
of fuel pellets is related to many factors. China’s fast 
reactor research work is just beginning and the first batch 
of (U,Pu)O, fuel pellets that we developed are limited in 
number and have not been placed in the reactor and 
irradiated. Thus, to obtain data on Chinese-made fast 
reactor mixed oxide fuel dissolution as quickly as pos- 
sible, we only studied the more important variables such 
as nitric acid concentration, temperature, pellet pro- 
cessing methods, PuO, content, and so on. 


The research work was divided into two stages. First, we 
used UO, to conduct simulated fast reactor fuel dissolu- 
tion experiments in the China Atomic Energy Scientific 
Research Academy and, after gaining some experience, 
we carried out dissolution of unirradiated (U,Pu)O, 
pellets at the Lanzhou Nuclear Fuel Plant. The results of 
the experiments show that the first batch of (U,Pu)O, 
fuel pellets developed in China had excellent dissolution 
properties and that their dissolution rate and undis- 
solved residues could satisfy reprocessing requirements. 


I. The Experiments 


A. Fuel Pellets 


The Nuclear Industry Southwest China Reactor Engi- 
neeritig Research and Design Academy’s Fourth Insti- 
tute fabricated the UO, fuel pellets and Lanzhou 
Nuclear Fuel Plant’s No. 4 Branch Plant fabricated the 
(U,Pu)O, fuel pellets. Table 1 summarizes the relevant 
parameters for the pellets. 
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Table 1. UO, and (U,Pu)O, Fuel Pellet Fabrication Parameters 

Experiment Raw material Processing PwO? content, Pellet density, Sintering temper- Mass, grams 

number aurmber method percent percent ature, degrees C 

1 0 87.0 11.9075 

2 0 87.0 11.9216 

3 0 87.0 11.9195 

4 0 87.0 11.9248 

5 91-3 Coprecipitation 27.0 95.8 1,700 +/- 20 1.5986 

6 91-3 Coprecipitation 27.0 96.0 1,700 +/- 20 1.5866 

7 91-3 Coprecipitation 27.0 95.8 1,700 +/- 20 1.5684 

x 91-3 Coprecipitation 27.0 95.8 1,700 +/- 20 1.6816 

4 91-3 Coprecipitation 27.0 95.7 1,700 +/- 20 1.7178 

10 91-3 Coprecipitation 27.0 95.8 1,700 +/- 20 1.7160 

il 90-11 Coprecipitation 22.8 94.2 1,700 +/- 20 1.6710 

12 90-11 Coprecipitation 22.8 96.3 1,700 +/- 20 1.6423 

13 90-12 Coprecipitation 34.6 95.0 1,700 +/- 20 1.5039 

14 90-12 Coprecipitation 34.6 95.0 1,700 +/- 20 1.5145 

15 90-11,12 Coprecipitation 28.3 88.7 1,700 +/- 20 1.7081 

16 90-11,12 Coprecipitation 28.3 89.9 1,700 +/- 20 1.7093 

17 Mechanical 27.0 81.6 1,650 +/- 20 1.9536 
blending 

18 Mechanical 27.0 79.8 1,650 +/- 20 2.1512 
blending 

19 Mechanical 27.0 85.5 1,650 +/- 20 1.9240 
blending 

20 Mechanical 27.0 80.1 1,650 +/- 20 2.1990 
blending 

Note: |) Indicates percentage of the theoretical density 

B. Dissolution equipment C. Experimental Method 


The dissolver is a three-necked flask fitted with a con- 
densing tube and thermometer that uses a temperature- 
regulated kettle-type electric furnace to control the dis- 
solution temperature. 


Into the dissolver we added 50 ml (360 ml was added for 
the UO, pellets) of HNO, or HNO,-HF solution at a 
specific concentration. After preheating to the experi- 


mental temperature, we placed one (U,Pu)O, pellet into 
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the loading port and dissolved it. At different times, we 
removed 0.1 mi of the dissolved liquid (1 ml! was 
removed for the UO, pellets) and measured the uranium 
and plutonium concentrations and plutonium valence 
states. Usually, the pellets were dissolved for 5 hours and 
then filtered out of the dissolved liquid. After using 
dilute acid to wash the undissolved residues and filter 
paper, we placed them in a magnetic crucible and 
incinerated them for 1 hour in a muffle furnace (600°C), 
after which we weighed the undissolved residues in a 
1:10,000 balance. We boiled and dissolved the residues 
in 50 ml of 12 mol/l HNO,-0.05 mol/l HF for | hour, 
anaylzed the uranium and plutonium in the residue 
solution, calculated the uranium/plutonium ratio, and 
measured the amount of the residues using the symmet- 
rical weight method. 


The dissolution experiments on the UO, and (U,Pu)O, 
pellets were carried out, respectively, in a common 
radiation chemistry laboratory and a special glove box in 
the reprocessing plant, and all analysis of the plutonium- 
bearing samples was conducted in the glove box. 


Unless otherwise indicated, in the coprecipitated pellets 
used in the experiments, the pellets had a PuO, content 
of 27 percent, the dissolution acidity was 12 mol/l 
HNO,, and the temperature was the boiling point (BP). 


D. Analytical methods 


1. Uranium: measured directly using spectrophotom- 
etry (415 nm). When the uranium contained pluto- 
nium, it was measured using Br-PADAP 
spectrophotometry'®). 
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2. Plutonium: measured using the 17 keV X-ray mea- 
surement method! ”!. 


3. Pu(IV) and Pu(VI): measured using the TTA or 
PMBP extraction method!®!. 


II. Results and Discussion 


A. UO, Fuel Pellet Dissolution 


1. Dissolution curve. Figure | shows the dissolution 
curve of the UO, pellets. The curve starts out rela- 
tively flat and then rises quickly, after which it again 
flattens and gradually reaches the end point of disso- 
lution. A dissolution curve with this shape can be 
interpreted using changes in the effective surface area 
during the dissolution process. There was a large 
amount of excess nitric acid in the experiments and 
the acidity and other conditions basically did not 
change during the experiments, so the dissolution rate 
(mg/cm?) can be considered constant. Because there 
iS a positive ratio between the amount of pellet 
dissolution per unit of time and the effective dissolu- 
tion surface area and because the initial su ‘ace 
(processed surface) of the pellet at the start of disso- 
lution is relatively smooth and the effective surface 
area is smaller, the amount of dissolution is also 
smaller. As dissolution continued, the surface of the 
pellet became increasingly rougher and the effective 
surface area also continued to increase. According to 
estimates by Uriarte'?), the surface roughness at 50 
percent dissolution of the uranium pellet is increased 


Figure 1. Effects of HNQ Concentration on UQ Pellet Dissolution Rates 
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three- to five-fold, and as a result there is a sharp 
increase in the amount of dissolution. As the 
remaining pellet becomes increasingly smaller, its 
surface area is also gradually reduced so that the 
amount of dissolution becomes smaller as a result 
until the end point of dissolution. Actually, measure- 
ment of the effective surface area during the dissolu- 
tion process is very difficult, so Uriarte used the 
concept of a Roughness Constant (RC) to do a quen- 
titative description of changes in the surface of the 
pellets during the dissolution process that is com- 
puted using the formula below: 


=e = i 
RC = a (RF), Re-1 R,) ® (Ry mae R,) . 


R,, R,, and R,, are, respectively, the radius of the 
pellet at the instant when dissolution begins, in the 
middle, and at the final instant, and RF is the 
roughness factor. It can be derived by dividing the 
amount of pellet that is dissolved per unit of time by 
the amount that should be dissolved to maintain the 
surface smoothness and the constant dissolution rate. 


. Effects of nitric acid concentration. The UO, can 


undergo the following types of reactions when being 
dissolved in nitric acid!*!: 


UO, + 4HNO, —. UO,(NO,), + 2NO, + 2H,0 
UO, + 8/3HNO, — UO,(NO,), + 2/3NO, + 4/3H,O 


2. 
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UO, + 3HNO, —. UO(NO,), + 1/2NO + 1/2NO, + 
3/2H,O 


Like the dissolution of metallic uranium, there is no 
common chemical reaction that can completely rep- 
resent the actual dissolution process. In the experi- 
ments we compared the dissolution of the UO, pellets 
in 12 mol/l, 8 mol/l, and 4 mol/l HNO, . The results 
indicate that as the acidity is reduced the dissolution 
rate drops quickly (Figure 1). In dissolution for three 
hours at 4 mol/I HNO,, the amount of dissolution was 
only about 15 percent. 


. Effects of temperature. Dissolution experiments werc 


conducted at different temperatures. The results show 
that the dissolution rate at 100°C is slightly lower than 
the dissolution rate below the boiling point (Figure 2). 
Nevertheless, because the dissolution was steady at 
100°C, it still has substantial attractiveness for use in 
industrial production. 


. (U,Pu)O, fuel pellet dissolution 


. Dissolution curve. Figure 3 shows a typical (U.Pu)O. 


pellet dissolution curve. Like the UO, pellets. the 
curve is flat for a period of time as dissolution starts 
and then becomes significantly steeper until it even- 
tually re-flattens and reaches the dissolution end 


point. 
Effects of nitric acid concentration. The dissolution 


rate of the (U,Pu)O, pellets depends significantly on 
the dissolution acidity (Figure 3). For example, in 


Figure 2. Effects of Temperature on UQ Pellet Dissolution Rates 
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Figure 3. Effects of HNQ Concentration on (U,Pu)Q Pellet Dissolution Rates 
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Figure 4. Effects of Temperature on (U,Pu)O, Pellet Dissolution Rates 
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dissolution for three hours in 12 mol/l HNO,, the 
amount of pellet dissolution is greater than 95 per- 
cent, but is just 30 percent in 4 mol/l HNO,,. 


. Effects of temperature. In a dissolution situation 
similar to that of the UO, pellets, there is also a 
corresponding reduction in the dissolution rate of the 
(U,Pu)O, pellets as the dissolution temperature is 
reduced from the boiling point to 100°C (Figure 4). 
This result is consistent with the result in article [4). 


. Effects of hydrofluoric acid. Just as was pointed out 
in many articles, adding 0.05 mol/I of HF to the nitric 
acid can significantly increase the dissolution rate of 
the (U,Pu)O, pellets. The results of our experiments 
(Figure 5) show that in the initial stage of dissolution, 
the addition of HF significantly accelerates pellet dis- 
solution. 


. Effects of pellet processing methods. The effects of 
pellet processing methods on the dissolution rate of 
the (U,Pu)O, pellets are shown in Figure 6. One can 
see in Figure 6 that the mechanically blended pellets 
have a faster dissolution rate than the coprecipitated 
pellets. This experimental result is consistent with 
article [2], but contradicts the data in article [1]. The 
cause of this situation could be related to different 
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pellet sources and processing parameters. In our 
experiments, we discovered that the sintered density 
of the mechanically blended pellets was relatively low 
and that they had a loose structure, so that when being 
boiled in 12 mol/l HNO, they fractured very quickly 
into a heap of powder, which obviously would hcip 
accelerate dissolution. However, this situation 
occurred in the coprecipitated pellets only after most 
of the pellets had been dissolved. 


. Effects of PuO, content. The effect of the PuO, 


content in the (U,Pu)O, pellets on the dissolution rate 
is shown in Figure 7. One can see in Figure 7 that the 
higher the PuO, content, the slower the rate of 
dissolution. Koch!'®! feels that in actual use, to main- 
tain a reasonable dissolution rate, the PuO, content 
should be less than 40 percent. 


. Undissolved residues. After the pellets had been 


dissolved for five hours, the solution still contained a 
small amount of undissolved residues. Their content 
varied according to pellet processing method, batch 
number, and dissolution conditions. It was 0.03 to 0.5 
percent for the coprecipitated pellets and 0.3 to 1.6 
percent tor the mechanically blended pellets (Table 
2). This data is basically identical to that reported in 
article [1]. 


Figure 5. Effects of Hydrofluoric Acid on (U,Pu)Q Pellet Dissolution Rates 
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Figure 6. Effects of Pellet Processing Method on (U,Pu)O, Pellet Dissolution 


Rates 


Amount of 
dissolution 
in percent 


Key: 


100 
80 





Energy 





Processing Method: 
1 - Coprecipi tation; 
23- Mechanical Blending (experimental values for two pellets) 





Time in hours 


25 





A 


Figure 7. Effects of PuQ, Content on (U,Pu)Q, Pellet Dissolution Rates 
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Figure 8. Microphotograph of Undissolved Residues Enlarged 200 Times 
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Table 2. Undissolved Residues Content 

















Experiment number 5 7 10 11 15 17 18 20 
Processing method CP CP CP cP CP MB MB MB 
Dissolution fINO3 concentra- 12 8 12 12 12 12 12 12 
tion, mol/1” 

Dissolution temperature BP BP 100°C BP BP BP BP 

Undissolved residues content, 0.1 0.03 0.5 0.5 0.5 0.1 1.6 0.3 
percent 





























Note: CP - coprecipitation; MB - mechanical blending 





Observed under the microscope, the particles of the 
undissolved residues are very small, usually smaller 
than | um to 10 pm. Figure 8 is a photograph of the 
particles of the undissolved residues. 


Chemical analysis shows that the plutonium content 
of the undissolved residues significantly exceeds the 
initial plutonium content of the pellets. For example, 
the initial m,,/mp, was 2.7 in the 27 percent PuO,- 
UO, pellets, but after dissolution for five hours in 
boiling 12 mol/l HNO, the m,,/mp,, in the residue 
dropped to about 0.5. The undissolved residues were 
very easily dissolved in 12 mol/l HNO,-0.05 mol/| 
HF. 9 


8. Uranium optimum solution phenomenon. When 
Lerch'"! used boiling 12 mol/l HNO, to dissolve 
mechanically blended (U,Pu)O, pellets, he discov- 
ered that the dissolution rate of UO, was significantly 
faster than the dissolution rate of PuO,. We also 
discovered this type of “uranium optimum solution” 
phenomenon in our experiments on dissolution of 
mechanically blended pellets, but this type of phe- 
nomenon did not appear in the coprecipitated pellets 


(Figure 9). A possible interpretation is that the 
mechanically blended pellets have a loose texture and 
break down in the initial period of dissolution into a 
powdered form. Everyone knows that the dissolution 
rate of UO, in concentrated nitric acid is faster than 
that of PuO,, so the dissolution curve of UO, appears 
above that of PuO,. For the coprecipitated pellets, 
dissolution basically occurs on the surface of the 
pellets while the pellet surface causes uranium 
optimum solution to occur, which does not have too 
great of an effect on the UO, dissolution curve and 
does not lead to the occurrence of “separation” 
phenomena in the UO, and PuO, dissolution curves. 


. Acid consumption. The experiments were conducted 


in conditions of a large excess of nitric acid. Analysis 
of the acidity at the end point of dissolution shows 
that in the 12 mol/l HNO, boiling dissolution copre- 
cipitated pellet experiments, | mol of (U,Pu)O, con- 
sumed 6 mol of nitric acid. Because of condensation 
efficiency differences in the condensing tubes and the 
escape of part of the nitric acid vapor from the 
sampling port due to frequent sampling, the actual 
acid consumption used for dissolution of the pellets 
would be lower than this value. 
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Figure 9. Uranium Optimum Solution Phenomenon 


100 
80 
60 
Amount of 
dissolution 
40 
in percent 











Key: 





(a) Coprecipitated Pellets: 
(b) Mechanically Blended Pellets: * Pud, 


Time in hours 


* Pud, 9 UO, 
0 UO, 





10. Plutonium valence states. The valence states of the 


plutonium in the fuel pellet solution constitute an 
important reference value for subsequent value 
readjustment steps. In a situation of concentrated 
nitric acid boiling dissolution, Pu(III) cannot exist, 
so we only tracked and analyzed Pu(IV) and Pu(VI). 
The results show that the plutonium in the solution 
exists primarily as Pu(IV) while the Pu(VI) content 


varies depending on the pellet processing methods 
and dissolution conditions (Table 3). Overall, there 
are these regularities: 1) As the dissolution time 
increases, there is a tendency for the Pu(VI) content 
to increase; 2) At low dissolution temperatures, the 
Pu(VI) content is also low; 3) The Pu(VI) content in 
the mechanically blended pellets is higher than in 
the coprecipitated pellets. 





Table 3. Solution Pu(VI) Content (percent) 


























Experiment Processing Dissolution conditions Dissolution time, hours 
numbe method 
HNO3/mol Temperature | 2 3 4 § 
x1 

5 CP 12 BP 7.0 7.8 9.7 10.8 
6 CP 12 BP 3.9 44 10.9 15.2 
7 CP 8 BP 2.6 4.5 7.5 8.9 
10 CP 12 100°C 3.8 2.7 3.6 2.2 
18 MB 12 BP 20.7 28.5 
20 MB 12 BP 18.4 25.9 
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III. Conclusion 


1. With some exceptions, the pellets in the research 
dissolved easily in boiling 12 mol/l] HNO . 


2. When the dissolution acidity was reduced from 12 
mol/l to 4 mol/l, there was a significant reduction in 
the dissolution rate of the UO, and (U,Pu)O, pellets. 


3. Below the boiling point, the dissolution rate of the 
UO, and (U,Pu)O, pellets in 12 mol/l] HNO, was 
faster than at 100°C. 


4. The dissolution rate of the 27 percent PuO,-UO, 
pellets in boiling 12 mol/l HNO, was faster than the 
35 percent PuO,-UO, pellets. 


5. Under the experimental conditions, the dissolution 
rate of the mechanically blended pellets was slightly 
faster than the dissolution rate of the coprecipitated 
pellets. 


6. In the dissolution experiments on the mechanically 
blended pellets, a uranium optimum solution phe- 
nomenon was observed. 


7. When the 27 percent PuO,-UO, pellets were dis- 
solved for five hours in boiling 12 mol/l HNO,, the 
solution retained a small amount of undissolved 
residues. The content was 0.1 to 0.5 percent for the 
coprecipitated pellets and 0.3 to 1.6 percent for the 
mechanically blended pellets. 


8. All of the (U,Pu)O, pellets and the undissolved resi- 
dues in the experiments dissolved easily in boiling 12 
mol/l HNO,-0.05 mol/l HF. 


9. The plutonium in the solution exists mainly as Pu(IV) 
while the Pu(VI) content varies with pellet processing 
methods and dissolution conditions and increases as 
the dissolution time is increased. Dissolved for five 
hours in boiling 12 mol/l HNO,, the Pu(VI) content 
can reach 30 percent. 


The Nuclear Industry Corporation’s Lanzhou Nuclear 
Fuel Plant’s No. 4 Branch Plant provided substantial 
support to this work. Yin Lingfang [0603 3781 5364], 
Nie Shibing [5119 1102 0365], Xu Luquan [1776 7120 
3123], Feng Baoxia [7458 1405 7209], and other com- 
rades at the plant were responsible for sample analysis 
involved in the work and we express our gratitude here. 
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Successful “O” Ring Technology Developed 


94FE0603A Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 
21 Mar 94 p 2 


[Article by Zhai Peitian [5049 1014 1131}: “China 
Successfully Develops ’O*-Shaped Sealing Rings for 
Pressure Vessels”’] 


[Text] Success has now been achieved in Sichuan in the 
reactor ‘“‘O”-shaped sealing rings developed by the China 
Nuclear Power Academy. This is another breakthrough 
in research for shifting to domestic production of nuclear 
power equipment that follows China’s successful devel- 
opment of nuclear power plant pressure vessel steel, 
no-leak safety valves, dual-channel neutron boron tables, 
and other achievements in our shift to domestic produc- 
tion of nuclear power plant equipment and it has major 
significance for China’s achievement of a shift to 
domestic production of nuclear power equipment. 
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The “O”’-shaped sealing rings for reactor pressure vessels 
are one of the key components to ensure safe reactor 
operation. The difficulty of their development lies in the 
need for the sealing rings to ensure that no nuclear leaks 
occur under conditions of high-temperature and high- 
pressure intense irradiation, which places rather high 
requirements on their materials and technology. The 
S&T personnel of the China Nuclear Power Academy 
employed thick-walled tube casing and thick-walled 
spherical casing theory and used non-continuous anal- 
ysis methods and iterative algorithms to successfully 
analyze the flange seal performance problems of reactor 
pressure vessels. Because they considered the coupling 
action of bolts, temperature, friction, and other areas, 
they achieved innovations and developments. 


The “O”-shaped sealing rings can be widely used as 
pressure vessel seals in nuclear power plants, reactors, 
and other power reactors such as nuclear submarine 
reactors, and they can be used as high-temperature and 
high-pressure vessel seals in the petrochemical and 
chemical industries, thermal power plants, and so on. 


Shanghai Becomes Nuclear Power Equipment 
Manufacturing Base 


94FE0603B Shanghai WENHUI BAO in Chinese 
9 Apr 94 pl 


[Article by reporter Ying Yan’an [2019 1693 1344]: 
“Shanghai Becomes Nuclear Power Equipment Manu- 
facturing Base, Successive Power Generation at Qinshan 
and Daya Bay Nuclear Power Plants Shows China’s 
Nuclear Power Industry Has Entered a New Develop- 
ment Phase”’] 


[Text] I learned from the Shanghai Municipality Nuclear 
Society’s Special Nuclear Power Equipment Commis- 
sion established on 8 April 1994 that successive connec- 
tion to the grid and power generation at Qinshan 
Nuclear Power Plant and Daya Bay Nuclear Power Plant 
are indications that China’s nuclear power industry has 
entered a new development phase. Now, Shanghai’s 
power plant industry, which was involved in manufac- 
turing the equipment for both nuclear power plants, has 
signed a technical agreement to manufacture the equip- 
ment for two 600MW nuclear power plants for the 
second phase at Qinshan, and the manufacturing con- 
tract for part of the equipment for the 300MW nuclear 
power plant to be exported to Pakistan has also been 
signed, making Shanghai China’s nuclear power equip- 
ment manufacturing base area. Shanghai Municipality 
Deputy Mayor Zhao Qizheng [6392 0796 2973] attended 
the meeting and gave a speech. 


Shanghai has already invested nearly 200 million yuan to 
develop our nuclear power industry and it has completed 
several nuclear power technical measures capital con- 
struction projects on a substantial scale with a total 
structural area of 93,000 square meters, including seven 
100- to 400-ton plant buildings. The Shanghai Municipal 
Government has also included nuclear power as one of 
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Shanghai Municipality's 14 projects to attack key prob- 
lems in integrating S&T with production. Since starting 
in 1988, Shanghai Municipality’s financial administra- 
tion has issued over 13 million yuan in loans to support 
attacks on key S&T problems in nuclear power projects, 
and by the end of 1993 it had established 88 topics, 62 of 
which had passed examination and acceptance. At the 
same time, with support from the relevant ministries, 
commissions, and offices of the State Council, |1 of the 
topics among the State’s projects to attack key problems 
related to 600MW nuclear power projects during the 
Eighth 5-Year Plan have been assigned to Shanghai 
Municipality and it has allocated more than 12 million 
yuan in funds to spur Shanghai to improve its nuclear 
power equipment manufacturing capabilities. 


To ensure that the tasks for the Qinshan second-phase 
nuclear power project and the Pakistan nuclear power 
project are completed, Shanghai has decided to invest an 
additional 200 million yuan-plus in capital during the 
Eighth 5-Year Plan for technical upgrading to fill in and 
supplement the more than 20 plants that will assume 
responsibility for nuclear power tasks, and the munici- 
pality plans to gradually form an annual production 
capacity to produce | to 1.5 sets of nuclear power 
equipment during the Ninth 5-Year Plan. 


Provinces To Build Nuclear Power Plants 


HK2005 130094 Hong Kong ZHONGGUO TONGXUN 
SHE in Chinese 0929 GMT 18 May 94 


[““Special Feature” by reporter Lin Ying [2651 7751]] 


[Excerpts] Hong Kong, 18 May (ZHONGGUO 
TONGXUN SHE)—Since Zhejiang’s Qinshan nuclear 
power plant and Guangdong’s Daya Bay nuclear power 
plant went into operation, the Beijing authorities have 
started preparations for more nuclear plants to be built 
across the country by the end of this century and early 
next century so as to alleviate the country’s energy 
shortage. It has been learned that while Zhejiang and 
Guangdong are preparing to build their second nuclear 
power plants, Fujian, Jiangxi, Jiangsu, Liaoning, Shan- 
dong, Hainan, and some other provinces also are making 
preliminary preparations for building their own nuclear 
power plants. Moreover, provinces like Jilin, Sichuan, 
and Heilongjiang are already conducting feasibility 
studies for nuclear energy development. As the country 
has only limited construction funds, the departments 
concerned are expected to invite overseas investment 
and foreign funds to help with the country’s nuclear 
development. 


Slow energy development and a 20-plus percent shortage 
of electrical energy supply in the country has impeded 
the nationwide economic growth to some extent. In 
order to meet the growing demand for electrical energy 
and to guarantee a sufficient electrical energy supply 
across the country, apart from building more thermal 
power and hydropower stations, the authorities also are 
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determined to speed up the country’s nuclear energy 
development, as this causes less pollution. 


It has been learned that since the two 900MW units 
installed at Daya Bay went into operation, Guangdong 
has decided to build its second nuclear power station in 
Lingao, north of Daya Bay, and a third one in Yangjiang. 
Construction of the Lingao and Yangjiang nuclear power 
plants is scheduled to be completed around the year 
2002. The two nuclear power plants are to have four and 
six generating sets, respectively. By the year 2002, 
Guangdong’s three nuclear power plants are expected to 
have a combined installed capacity of 10 million kWh, 
thus basically meeting the province’s demand for elec- 
trical energy. 


In Zhejiang, a 300MW generator installed at Qinshan 
during the first-phase construction has gone into opera- 
tion. Now, two other 600MW generating sets are being 
installed as second-phase construction at the Qinshan 
nuclear power plant has begun. The two new generating 
sets are scheduled to go into operation in 1996. Zhejiang 
also has decided to build two 2000MW nuclear power 
plants along its coast, at Sanmen Bay and Legqing, 
respectively. They are scheduled to go into operation by 
the turn of the century. 


Moreover, a number of provinces with conditions for 
nuclear energy development are also preparing to build 
nuclear plants. Fujian is planning to build a nuclear plant 
in Shangian township, Huian County, at the mouth of 
Quanzhou Bay. The plant will have six 9IOOMW generating 
sets, with a combined installed capacity of 5.4 million kWh 
when its three-phase construction is completed. The plant 
will have generating sets when its first-phase construction 
is completed early in the next century. 


JPRS-CST-94-010 
10 June 1994 


Jiangxi also has decided to build a 3600MW nuclear 
plant at Maoziding Mountain in Guze County, Jiujiang 
City. Hainan Province is seeking a site on which to build 
a nuclear power plant, and is conducting feasibility 
studies regarding the first-phase construction of a 
300MW generating set. Liaoning Province has decided 
to build a 1000MW nuclear plant in Wentuozi. Jiangsu, 
Shandong, and other provinces are conducting feasibility 
studies for building nuclear power plants. 


It has been learned that apart from inviting urgently 
needed funds for its nuclear development from some 
foreign countries and regions, the country still will try to 
raise most of the funds it needs for this purpose in 
cooperation with the local departments concerned. This 
is why the Beijing authorities have decided to set up a 
rotating fund mechanism for nuclear development to 
guarantee a continued supply of funds for the country’s 
nuclear power development. Minister of Power Industry 
Shi Dazhen pointed out that under the proposed rotation 
mechanism for nuclear development, after a nuclear 
power plant is built and goes into operation, the State 
will not try to collect its profits. Instead, the plant's 
profits will be used to build other nuclear power plants so 
that more such plants can be built across the country. 
The nuclear power plant is allowed to divert as much as 
2.3 billion yuan of profits to other nuclear plants under 
construction so that more provinces will be able to build 
nuclear power plants. 


Guangdong’s Daya Bay nuclear power plant has been 
installed with French advanced pressurized-water reactors. 
In the future, the country is likely to continue purchasing 
French equipment for its nuclear plants, but as the Shang- 
hai-made nuclear reactors installed at Qinshan have 
proven to be perfectly reliable and efficient, the country is 
more likely to use more domestically manufactured equip- 
ment. As a result, Shanghai certainly will become the 
country’s nuclear equipment supply base. 
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